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Editorial Selecting the Next Generation 


Articles Air Conservation: A. J. Haagen-Smit 


With discovery of the sources and chemical reactions of pollutants, the 
stage is set for conservation. 


Coming Problems of U.S. Economic Development: V. R. Fuchs 


A review of two volumes of specially prepared essays by economists, 
sociologists, and other thinkers. 
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Measurements of 2200 samples for cesium-137 and potassium-40 levels 
reveal interesting correlations. 
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Electrophoresis of human 

serum diluted 1:6; ascending 
boundaries. Inclined knife-edge 
schlieren and Rayleigh fringes. 


ELECTROPHORESIS 
AND DIFFUSION 
in one precision instrument 







As protein research progresses, biochemists rely more and more 
upon instruments of high precision for diffusion and electrophoresis studies. 
Especially critical are the optical measurements needed to obtain 
accurate diffusion coefficients, absolute electrophoretic 

mobilities, and information on purity. 

An exceptional optical system is one of the outstanding features 
which have made the Spinco Model H invaluable for exacting work in both 
electrophoresis and diffusion. Light passes through each operating cell 
twice, giving double sensitivity. Patterns are sharply defined and 
peak positions can be precisely determined. Reproducible measurements 
may be made to better than 1/25 of a fringe, which corresponds to 

- ; approximately .00025 percent protein. 
Typical reference fringe pean ‘ , , 
piheré cltatned from The optical system is flexible, too. It permits measurements by 
standard production model. five different methods — ordinary and cylindrical lens schlieren, Rayleigh 
and Gouy fringes, and mechanical scanning. 

Further versatility is achieved by a rotary cell turret which 
supports three operating cells. Any combination of diffusion and electro- 
phoresis studies may be performed simultaneously with the three cells. 

We'd like to tell you more about the Model H and how it 
can fit the requirements of your research program. For complete details, 
please write Spinco Division, Beckman Instruments, Inc., Stanford 

Industrial Park, Palo Alto, California, for information File H-5J. 









Sales and service facilities on 


the Model H are available on the same Beckman® 
basis as for Spinco Ultracentrifuges, Spinco Division 


assuring prompt, efficient service 


for users here and abroad. Beckman Instruments, Inc. 































































NEW : 
IMPORTANT > Ad Nostrand (Company, Inc: 
REFERENCE BOOKS 





SEIDELL’S SOLUBILITIES, Vol. IA (A-Ir) Inorganic and Metal Organic Compounds. 
by William F. Linke, Ph.D., American Cyanamid Co. 


A newly revised and completely up-to-date edition of Atherton Seidell’s classic and essential reference book. 
Now includes a complete compound index, and new tables combining, comparing, and evaluating the results 
of various authors, as well as thousands of new entries. 1306 pages, $25.00 





THE CHEMICAL BEHAVIOR OF ZIRCONIUM 
by Warren B. Blumenthal, Chief, Chemical Research, Titanium Manufacturing Division, National 
Lead Company. 


Complete research data, including useful rules governing the properties of zirconium and its compounds. The 
first modern broad and detailed account of the chemistry of this increasingly important element. 425 pages, 
illus., $10.00 


CHEMICAL ANALYSIS OF FOODS AND FOOD PRODUCTS, 3rd Ed. 
by Morris B. Jacobs, Consulting Food Chemist and Technologist. 


New chapters cover radiochemical determination, pesticide residues, and artificial sweetening agents in this 
standard reference now thoroughly revised. 924 pages, illus., about $11.50 





PHOTOMICROGRAPHY, 2nd Ed. 
by Roy M. Allen, Sc.D. 


A broad, accurate picture of photomicrography including new designs of microscopes, 
cameras, and accessories, new methods and applications of modern practical usage. 425 


‘udies. pages, illus., about $8.00 





POISONS: PROPERTIES, CHEMICAL IDENTIFICATION, SYMPTOMS, AND EMERGENCY 
res TREATMENT, 2nd Ed. 
n both by Vincent J. Brookes, Chief of Plant Security, Crucible Steel Co., and Morris B. Jacobs. 


>} 
Hl Up-to-date revision of a standard guide that covers many new substances, new treatments and analytical tests. 


250 pages, illus., about $5.75 


nents 
THE INDUSTRIAL COOLING TOWER 

_ by J. J. McKelvey, Chartered Civil and Structural Engineer, London and Maxey Brooke, Super- 

‘A h visory Chemist, Phillips Petroleum Co. 

lei 

' A unique compilation of data on cooling plants with special reference to the design, construction, operation and 

maintenance of water cooling towers for industry. Probably 350 pages, illus., about $12.00 

ectro- 

Ils. PRINCIPLES OF SUGAR TECHNOLOGY, Vol. I1—Crystallization 
Edited by Pieter Honig, Director of Research, West Indies Sugar Corp. 

tails, Covers crystallography of sucrose, crystallization techniques, control methods, and equipment used in modern 


factories. Probably 624 pages, illus., about $19.00 


Write for free examination copies 











D. Van Nostranc Company, Inc. 120 Alexander Street, Princeton, N.J. 
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Test Assembly for 
HTRE No. 1 to the 
right is on its way to 
test area on a flat 
car, drawn by a 
shielded locomotive. 
Test area control 
center itself is under- 
ground for safety 
considerations. Dur- 
ing test period, the 
Direct Cycle Nuclear 
Turbojet System was 
shut down between 
operating phases and 
the Test Assembly 
returned to the “Hot 
Shop” (a chamber 
with 7 ft. thick con- 
crete walls and 6 ft. 
thick windows) where 
remote handling 
equipment, designed 
for this program, 
disassembled compo- 
nents for the inspec- 
tion or replacement 
of parts. 


ENGINEERS, SCIENTISTS: Specific Experimental 
Data have now been declassified from which you can 
gauge the breadth of the opportunities for original work F 
open to you in the pioneering field of nuclear power for 
aircraft. This information is made available from a P 
paper prepared for the recent Geneva Conference on : 
Peaceful Uses of Atomic Energy, by Mr. D. R. Shoults, 

General Manager, Aircraft Nuclear Propulsion Dept. 
of General Electric, Cincinnati, Ohio. 

















FIRST PHOTOGRAPHS, DIAGRAMS 
AND TECHNICAL DATA RELEASED 0 





HISTORIC TESTS PROVING FEASIBILITY OF 
DIRECT CYCLE NUCLEAR TURBOJET 


SYSTEM FOR AIRCRAFT | 
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HTRE No. 1 marked the first time 
that all the components of a com- 
bined reactor and jet engine power 
plant were assembled and operated. 


The system was developed and pro- 
duced by General Electric engineers 
and scientists at the Aircraft Nu- 
clear Propulsion Department, Cin- 
cinnati, Ohio, under dual contract 
with the U.S. Air Force and the U.S. 
Atomic Energy Commission. The 
tests were conducted at the National 
Reactor Test Station in Idaho Falls, 
Idaho, during the period January 
1956-January 1957. 


“These tests,” Mr. Shoults writes, 
“were of great significance in meet- 
ing the objective of developing a use- 
ful aircraft nuclear propulsion 
system. HTRE No. 1 proved conclu- 
sively the operability of the system 
and the predictability of its per- 
formance.” 


The Test Assembly for the experi- 
ment consisted of an air-cooled, me- 
tallic-fuel-element, water-moderated 
reactor operating a modified J47 


turbojet engine designated X39. A 


photograph of this assembly is re- 
produced at the left; schematic dia- 
gram below shows a simplified 
version of the air flow path through 
the system. 


Test Assembly utilizes the direct air cycle to 
which propulsive thrust is provided by send- 
ing atmospheric air from the compressor 
(compressed to 5 times the intake pressure) 
directly through reactor, into the turbine, 
and out exhaust nozzle. 





The reactor core structure consists 
of a cylindrical water vessel pene- 
trated by air tubes. The shield plug 
structure and the heavy gamma ray 
shielding are of stainless steel. Mod- 
erator water is used for neutron 
shielding in shield plug. 

The power plant is started on chem- 
ical fuel alone, with compressor air 
passing through the cold reactor. As 
the reactor power increases, the 
chemical fuel flow is decreased. When 
nuclear power is sufficient for self- 
sustaining operation, chemical fuel 
is cut off. 


Successful Heat Transfer Reactor Experiment No. 1 Basis of Present 
Advanced Development Stage of Aircraft Nuclear Power Plant 


Throughout the tests, operation was 
stable during the transition from 
chemical to nuclear power and the 
reactor was responsive to both man- 
ual and automatic control. Combined 
operating time during test period to- 
talled 258 hours. A chart showing 
total energy produced in test period 
is reproduced below. 
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Confirmation of Design Concept 
of Direct Cycle Nuclear Turbojet 
System Obtained 


Extensive operation at full nuclear 
power was recorded without failure 
or significant leakage of radioactive 
material to the airstream. Proof was 
obtained that overheating portions 
of the reactor would not lead to local 
flow starvation and progressive over- 
heating. 


Much of the apparatus illustrated 
was provided for developmental con- 
venience and would not be used in 
an actual system for aircraft. The 
shield, for example, is extra-heavy 
to allow external contact mainte- 
nance during shut-down. In an air- 
craft installation the shield would be 
much lighter and the engine would 
be coupled more closely to the re- 
actor-shield assembly. A diagram of 
a potential configuration for a Direct 
Cycle Nuclear Turbojet System for 
airframe application is shown below. 








2nd and 3rd Generation 
Nuclear Power Plants for Aircraft 
Now Under Development 


Research and development has pro- 
ceeded at an accelerated pace at 
General Electric, since the epochal 
results of HTRE No. 1 in early ’57. 


The great challenge of the aircraft 
nuclear propulsion project is that 
this type of system requires gener- 
ation of large amounts of heat from 
a nuclear reactor of very small vol- 
ume. Also, all items comprising the 
power plant must be provided with- 
in very stringent weight limitations. 


Intensive work has been —and is — 
under way in areas of reactor de- 
sign, shield design, and the develop- 
ment of new materials to withstand 
extreme temperatures and neutron 
bombardment, as well as new meth- 
ods of fabricating these materials. 


While much progress has been made, 
many problems must still be solved 
before the first high performance 
aircraft flies on nuclear power. 


COCOA S HSER ESTES ES ERESESOR OSES 


ENGINEERS and SCIENTISTS: 
If you are interested in joining the 
professional staff now working in 
breakthrough areas on the Aircraft 
Nuclear Propulsion Program at 
General Electric — and have the nec- 
essary qualifications for any of the 
technical fields described below — 


your inquiry will be welcomed. 


A majority of these openings do 
NOT require previous nuclear exper- 
ience, 


COOH HSE HEHEHE SETHE EEEHEEE 


Openings for METALLURGISTS; 
CERAMISTS; MATHEMATICIANS; 
MECHANICAL, ELECTRICAL, 
AERONAUTICAL AND CHEMICAL 
ENGINEERS; NUCLEAR AND 
SOLID STATE PHYSICISTS; 
PHYSICAL CHEMISTS to work in 
the following areas: 


Applications Engineering * Prod- 
uct Design * Mechanical Develop- 
ment *Technical Design + Nuclear 
Development + Reactor Analysis 
Thermodynamics + Controls and 
Instrumentation * Applied Mathe- 
matics * Process Engineering * 
Project Engineering + Materials 
Development « Fuel Element Re- 
search ¢ Shielding Development + 
Applied Materials Research — 
Applied Ceramics Research. 


COSHH ESESEHSEEEHESESESESEHSEHTEHHHEHE HEHEHE HHE EEE 


SCRE HHEEHEHEEEHEHSHHEHEHEHEHSESEHEEHEH EEE SESE EEE 


SOSH SSH E HES OEE SESE SEEEES 


Write in confidence, including salary requirements: to Mr. P. W. Christos, Room 63-MO 


P.O. Box 132, CINCINNATI 15, OHIO 







This unique combination of large capacity, higher speed and 
lower controlled temperature increases the value of centrifugal 
force as a basic research tool. 


HIGH “G’’ HEADS: The 8-piace 50 mi head delivers 40,000 x G; 
the 6-place 250 mi head, 26,000 x G. Adapters are available for 
use with smaller tubes. Additional heads and attachments are 
being developed. 


HIGH SPEEDS are obtained by a direct drive, special motor. 
Speeds are set by a stepless autotransformer control. 


TEMPERATURES BETWEEN —20°C and +40°C are kept 
constant within +1°C by a 1 HP refrigeration unit, an 
exclusive fin-coiled evaporator, and a new combination of 
plastic foam and fibre glass insulation. 


USE THE COUPON to get all the facts about this all-new and 
better high-speed refrigerated centrifuge from International... 
Your Dependable Source for Centrifugal Force. 


LORS: cc: RRM cps! eee 
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Selecting the Next Generation 


The traditional method of selecting the next generation of scientists is 
highly personal: the master chooses his own apprentices, arranges some 
method to help finance their graduate education, tutors them for several 
years, and then sponsors them as they seek positions of their own. The 
masters are usually satisfied with this method, and can justify it by a large 
number of successes. But perhaps their satisfaction also reflects the common 
tendency to be blind to one’s own errors. The statistically minded critic 
is always skeptical of a situation in which the same person makes a decision 
and then decides whether that decision was good or bad. 

It is difficult to investigate the accuracy of many masters in selecting 
their own apprentices. But one can study the supplementary methods used 
in large fellowship programs such as that of the National Science Founda- 
tion. Under this program, the Office of Scientific Personnel of the National 
Academy of Sciences—National Research Council arranges for panels of 
scientists to review statements of each candidate’s research plans, transcripts 
of his academic record, his scores on standardized examinations in his field 
of special interest, and statements by scientists who are acquainted with his 
earlier work. On the basis of this information each panel rates a number of 
candidates with whom the panelists are not personally acquainted. 

Ordinarily, geologists select graduate students in geology, chemists select 
those in chemistry, and so on. But is such segregation of the candidates 
necessary? Could geologists do as good a job as chemists in selecting future 
chemists, or could a mixed panel of scientists? It would frequently be more 
convenient to set up the panels if it turned out that they could. Yet common 
sense says that scientists know their own field better than do their colleagues 
in other fields, and that they might therefore be biased in judging candi- 
dates in their own fields. Without deliberate intent, without in fact aware- 
ness of what he is doing, a judge might give a higher rating to a candidate 
in his own field because he understands better the candidate’s research pro- 
posal, gives greater weight to recommendations from people whom he 
knows, or evaluates more highly grades in courses in his own field. 

The Office of Scientific Personnel has studied this question of bias, in 
several ways, over several years, with various kinds of panels of judges, and 
in sufficient detail to reach a clear and convincing conclusion: there is no 
bias. Some candidates are rated above others, and the candidates in one 
field may average higher than those in another, but the differences are in 
the candidates, not the judges. Fellowships go to the same candidates 
whether they are rated by scientists in their own field or in other fields. 
(Details are available in the Office of Scientific Personnel’s Technical 
Report No. 12.) 

This is a comforting finding. It speaks well for the objectivity and in- 
tegrity of the panels of judges. It means that one need have no misgivings 
about the use of interdisciplinary panels in selecting fellowship holders. 
But it leaves unanswered the more fundamental question of how often fel- 
lowships are awarded to the right, and how often to the wrong, candidates. 
The scientist-judges are free from bias, but that does not mean that they are 
free from error. The Office of Scientific Personnel is studying this point 
also, and in due course will have some interesting things to say about the 
validity of their fellowship selection techniques. It is too bad that similar 
studies cannot be made of the master choosing his own apprentices, for it 
would be fun to compare the batting averages of the two methods.—D.W. 









The place of the Particle Accdeee 





in Basic Research. ? 














Neutron Activation Analysis-X] 


The irradiation of most atomic 
nuclei by very slow (thermal- 
velocity) neutrons causes these 
nuclei to become radioactive. The 
subsequent emission of beta or 
gamma radiations from these 
nuclei is characteristic of the 
particular isotope. If the energy 
and rate of emission of the radia- 
tions are known, the isotope can 
be identified. 


The magnitude of the radio- 
activity is directly related to the 
amount of the isotope present in 
the patient A) sample. 
Since the detection of radioactiv- 
ity is an extremely sensitive tech- 
nique, to the point that individual 
particles or quanta of radiation 
can be counted, neutron activa- 
tion analysis permits the accurate 
appraisal of very small amounts 
of an element — often smaller 
than can be readily detected by 
normal analytical techniques. 


Advantages in 
Activation Analysis 

Neutrons are able to pass 
through a considerable thickness 
of most substances. It is possible, 
therefore, to analyze materials in 
solid, liquid, or gaseous phases, 
usually with a minimum of 
sample preparation. A relatively 
short time is expended in a single 
analysis — an advantage where 
large numbers of samples are 
involved, The radioactivity cre- 
ated in the process is, for the 
most part, of short duration and 
low intensity, necessitating only 
reasonable care in the handling 
of the bombarded samples. 

Neutron activation analysis is 
a relatively new technique whose 





Horizontal 3-Mev Type K Van de Graaff 
giving neutron output up to 6 X 101! 
neutrons per second. 


scope is limited only by the 1n- 
genuity of the analyst. For ex- 
ample, isotopes which appear to 
be insensitive to the thermal- 
neutron activation method can 
often be detected by fast-neutron 
reactions or through charged- 
particle bombardment. 


The Van de Graaff® 
as a Neutron Source 

Prolific neutron outputs are 
obtainable from Van de Graaff 
positive-ion accelerators, from 


Radioactive 
Source (Ra-Be) 














Transformer Set 
Van de Graaft* 
Linear Accelerator (-) 
Orbital Accelerators 


Nuclear Reactor 


105 107 10° to" 
Max, Useful Neutron Flux (n/sec-em?) 


Chart showing comparative neutron fluxes 
obtainable with various sources, (The 
numbers in the Van de Graaff bar desig- 
nate the maximum voltage ratings of 
the accelerators). 


the Be® (d, n)B?° reaction. The 
neutrons from this reaction 
emerge from the beryllium target 
in all directions with an angular 
distribution which is not quite 
isotropic, but has an assymetry 
in the forward direction of the 
deutron beam of about 2:1. 

The neutrons emerge with 
energy groups in the 0.7- to 7- 
Mev range. To slow these ener- 
getic neutrons down to ‘‘thermal” 
velocities (in the region of 2200 
meters/second, corresponding to 
about 0.02 ev), a moderating 
mass of paraffin, water, or similar 
hydrogenous material surrounds 
the neutron-producing target. In- 
side the moderator, thermal neu- 
trons travel in all directions, 
producing a neutron flux mea- 
sured in terms of neutrons per 
second passing through an area 
of one square centimeter (n/sec- 
cm?). 

Samples can be placed inside 
the moderator for neutron bomb- 
ardment, by inserting them into 
a hole about 2 cm from the 
target, to take advantage of the 
maximum flux. Reasonably large 
samples can often be accommo- 
dated in the volume within a 
6-cm radius from the target, with 
a flux variation less than a factor 
of two, especially if they are 
aqueous solutions or organic 
materials. 

Activation analysis offers solu- 
tions to many serious problems 
in research or in process control. 
Detailed information about acti- 
vation analysis, including tabula- 
tion of thermal-geutron activation 
characteristics of the isotopes, is 
available on request. 








BURLINGTON 
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CURRENT PROBLEMS IN RESEARCH 





Our confidence in the abundance of 
the four principal elements of our fore- 
fathers has been severely shaken in recent 


times. We have learned that the increas- 


ing population will have less and less 
room in which to grow its crops and keep 
its cattle. Coal, oil, and gas reserves have 
definite time limits, and we might have 
had to face a major war over water 


rights had our ancestors not been wise 


enough to create a United States of 
America. Finally, our supposedly infinite 
supply of air has turned out to be lim- 
ited, too. With the advent of atomic 
energy, many of these problems can be 
solved, but the universal use of atomic 
energy will make the problem of keep- 
ing our air fit to breathe even more diffi- 
cult. Now we are concerned with con- 
stituents present in concentrations of a 
few parts per million. The future, and 
part of the present, generation must 
worry about the removal of pollutants 
present in quantities smaller by a factor 
of many powers of ten. In this more effi- 
cient cleaning process, the theoretical 
knowledge and technical skill required 
will be far greater than the knowledge 
and skill available today. 

Perhaps we should even be grateful 
that in recent years air pollution dis- 
asters and near disasters have developed 
on such a scale that they have attracted 
the attention of the whole world. Such 
an episode occurred in London, when, 





Dr. Haagen-Smit is professor of biochemistry at 
California Institute of Technology, Pasadena. 


17 OCTOBER 1958 





17 October 1958, Volume 128, Number 3329 SCI ENCE 


Air Conservation 


With discovery of the sources and chemical reactions 
of pollutants, the stage is set for conservation. 


A. J. Haagen-Smit 


during a black fog period in 1952, some 
4000 excess deaths were recorded. Other 
disasters drawing world-wide attention 
were those in Donora, Pennsylvania, 
Poza Rica, Mexico, and the Meuse Val- 
ley in Belgium (/). In each of these in- 
cidents dozens of people met their death 
by suffocation. 

In recent years, the smog conditions 
developing in Los Angeles and in other 
cities on the Pacific Coast have greatly 
inspired a more intensified effort to clean 
the air all over our country (2). Keeping 
the air clean is expensive. In the Los 
Angeles area alone it is estimated that 
several hundred million dollars have 
been spent already to curtail some emis- 
sions, and many more will have to be 
spent before the smog will again be 
unnoticeable. At the present time the 
air-pollution-control authorities, working 
against a 4 percent increase in popula- 
tion, are doing somewhat better than 
holding the line. Over the whole nation 
the expense will be staggering and will 
probably run into billions of dollars. 

It is understandable that there has 
been a great deal of resistance to the in- 
stallation of costly control equipment 
which often does not contribute in a di- 
rect manner to profits. Some of the ob- 
jections have been removed in recent 
years, and it is now generally conceded 
that damage from air pollution is large 
and that recovery measures often pay for 
themselves and in some cases may even 
make profits. Corrosion due to the emis- 
sion of various chemicals is a source of 


tremendous expense to the public. Re- 
covery methods will reduce this corro- 
sion and will also lower the cleaning bills 
for the outside, as well as the inside, of 
our houses. But even if no direct profit 
is made, the many intangibles make it 
worth while to improve working condi- 
tions. The standard of living of the 
workers is raised, and possible adverse 
effects on their health are eliminated. 
This contributes to an increased effi- 
ciency on the part of the worker. It also 
raises the value of the industrial prop- 
erty and of the surrounding real estate. 
In many cases, management has gone 
much further than merely curing exist- 
ing air pollution problems. At the pres- 
ent time, climatological and topographi- 
cal conditions are examined carefully 
in selecting the site for new industry, 
and in the construction of new build- 
ings the installation of air-pollution-con- 
trol equipment is considered beforehand, 
rather than at a time when public rela- 
tions have suffered a severe setback. 

The old slogan, “Prosperity is meas- 
ured by the number of smoking stacks,” 
is no longer true. Today, prosperity can 
be gaged by the number of strange-look- 
ing bulges protruding from the roofs of 
the factories. These bulges are dust- and 
fume-collectors and indicate that the 
community and its industry have pro- 
gressed to a standard of living and social 
consciousness that does not permit ob- 
jectionable emissions to spread over 
other peoples’ property. Many modern 
factories and offices have installed in the 
air-conditioning system air-purification 
systems as well, since experience has 
shown that clean air is healthier and 
leads to less absenteeism and, in addi- 
tion, keeps cleaning and redecorating 
costs at a minimum. Scientific labora- 
tories, too, have found that the protec- 
tion from plant damage, from interfer- 
ence in the sensitive enzyme systems, and 
from destruction of oxidant-sensitive or- 
ganic compounds which can be obtained 
by air purification is worth while. 

Less satisfactory, from a_ hygienic 
point of view, is the way many of us 
spend our day undergoing fumigations 
with tobacco smoke and engine exhaust 
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—a combination which for many years 
has been under suspicion where its effects 
on health are concerned. 

One of the most common forms of air 
pollution is that caused by smoke. A 
cross-country trip by airplane should 
convince anyone that smoke is a problem 
in every great city from Los Angeles to 
New York. Large streamers, extending 
for scores of miles, have their origin in 
open burning dumps, lumberyards, steel 
mills, foundries, and power plants, to 
name only a few of the multitude of 
sources, This is an old problem; some 
200 years ago laws were passed in Eng- 
land to regulate the burning of certain 
types of coal. Even today, combustion is 
still a major source of air pollution. 

At first sight this problem of con- 
trolling the emission of smoke appears 
quite simple—just wash it out! But we 
have only to think how tobacco smoke 
from a Turkish pipe bubbles, seemingly 
undisturbed, through water, to realize 
that perhaps this problem is not so 
easily solved after all. Large particles of 
soot and dust can readily be removed in 
settling chambers, or in cyclones, where 
gravitational or centrifugal forces are 
used to separate the particles by weight. 
Other methods consist in filtering out the 
dust through cloth made of cotton, woven 
plastics, or even glass fibers, in structures 
known as baghouses. For very fine dust, 
of the order of from 0.5 to 1.0 micron, 





we have to apply processes whereby the 
electrically charged particle is removed 
by electrostatic forces by passage be- 
tween electrodes kept at a potential dif- 
ference of 15,000 to 40,000 volts. A com- 
parison of particle size of effluents and 
the means of their recovery is shown in 
Fig. 1. By catching the particles of a.size 
close to the wavelength of light, an im- 
portant fraction of the dust responsible 
for the scattering of light is removed, 
and therefore the probability of visible 
plume formation 
creased. The is attractive to 
industry because of the low cost of 
maintenance and the negligible drop in 


is substantially de- 
process 


pressure, and it is commonly used in 
open-hearth furnaces in steel mills and 
in coal-burning plants (Fig. 2). Recently 
its use was extended in Los Angeles to 
the control of stack emissions from oil- 
fired boilers in power plants. Each one 
of these dust-collection processes has 
found wide application in industry, but 
even today systematic studies to increase 
their efficiency would be most welcome. 

The dust present in fuel is not the only 
agent responsible for an objectionable 
plume from smokestacks. Virtually all 
other of flue gas—water, 
carbon monoxide, and oxides of sulfur 
and nitrogen 


constituents 





play some role. It is inter- 
esting to watch this plume formation 
take place in a long glass tube through 
which the hot stack gases are led. As 


DIAMETERS OF 
GAS MOLECULES .! 


c 





PARTICLE SIZE-MICRONS 


Fig. 1. Particle size chart illustrating relative size of well-known particulates and the 
effective range of various control methods. [H. P. Munger, “The spectrum of particle 


size and its relation to air pollution,” in L. C. McCabe, Air Pollution (2, chap. 16)] 
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soon as the gases cool below the dew- 
point range, we see a deposition of metal 
salts, largely in the form of sulfates, 
along the side of the tube. Next we find 
a region of droplets, containing insoluble 
dust embedded in an acid solution of 
metal salts. Finally, on further cooling, 
the bulk of the water, containing some 
sulfuric acid and sulfur dioxide, con- 
denses. When the gas stream, cooled to 
outside temperature, leaves the experi- 
mental stack, it escapes largely as a 
plume of water vapor containing trace 
amounts of sulfuric acid, and nearly all 
the sulfur dioxide and nitrogen oxide, in 
gaseous form. In this passage very little 
sulfur dioxide has been converted to sul- 
furic acid. The dew point of the outlet 
is close to that of the outside tempera- 
ture, and only slight heating is required 
to cause the visible plume to disappear, 
This practice is followed in many instal-: 
lations where weather conditions are 
conducive to plume formation. 

We expect that phenomena similar to 
those observed in the glass tubes take 
place when the gases are released from 
the stack, with the droplet size adjusting 
itself to the outside temperature and 
humidity. This is an important factor in 
the variability of plume density observed 
in otherwise identical combustion condi- 
tions. The formation of droplets by con- 
densation is not the end of plume for- 
mation, for both sulfur and_ nitrogen 
oxides, as well as metal salts, participate 
in a series of reactions leading to a grad- 
ual oxidation of sulfur dioxide into sul- 
furic acid, and of nitric oxide into higher 
oxides and nitric acid. 

Laboratory investigations by Johnstone 
and Coughanowr (3) have shown that 
oxidation of sulfur dioxide takes place 
slowly by photochemical action. These f 
authors estimated that about 1 percent 
would be oxidized per hour in intense f 
sunlight. This would indicate that in an 
atmosphere containing 0.1 to 1.0 part 
per million of sulfur dioxide, about 100 f 
hours of sunlight would be required to 
decrease visibility to about 1 mile. In 
continuation of these experiments it was 
found that oxidation occurs much faster 
in water solution under the influence of 
metal salts. Such conditions could con- 
ceivably occur in droplets present in the 
stack plume. The suggestion has been 
made that it is this reaction which is re- 
sponsible for the haziness observed at ff 
considerable distance from industrial es- 
tablishments. Evidence that such oxida- 
tions do take place when the gases have 
left the stack is found in an interesting 
pollution balance made at one time by 
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Fig. 2. Before the installation of smoke-control equipment, the normal operation of the open-hearth furnaces at Kaiser Steel Corpora- 
tion’s Fontana, California, plant produced smoke which was released directly into the atmosphere. Thése two pictures, taken within 
minutes of each other, graphically demonstrate the effectiveness of the electrostatic precipitator on top of the building. (Left) Picture 
taken with all the units temporarily shut off. (Right) Picture taken a few minutes later with the equipment back in operation, showing 
clear sky. [Kaiser Steel Corporation] 


the Los Angeles County Air Pollution 
Control District (4). The amount of 
emission of sulfur dioxide from all 
refinery operations, oil burning, 
and gasoline consumption—is 
known. We also know the area in which 
this emission is dispersed, as well as the 
height of the inversion layer which limits 





sources 


well 


its upward movement. From these data 
we are able to calculate the expected 
sulfur dioxide concentration and com- 
pare this with the actual observed aver- 
age concentration. We find, in making up 
this balance, that about half of the sulfur 
dioxide is lacking, as is shown in Table 1. 
This missing sulfur dioxide is found 
mostly as calcium and ammonium sul- 
fates in dust settling over the country. 
Free sulfuric acid, except in close prox- 
imity to the stack, is virtually absent. 
Research work on the effects of stack 
gas constituents on plants and animals 
is still an important field of environmen- 
tal hygiene. Only recently some interest- 
ing data were revealed on the synergistic 
effects of aerosols and oxides of sulfur 
on physiological responses such as flow 
resistance in the respiratory system (5). 
This specific air pollution problem illus- 
trates how much work has to be done 
before we can really understand the phe- 
nomena connected with the emission of 
dust and fumes. Some of this work is in 
the field of engineering, and other as- 
pects deal with inorganic, physical, phys- 
icochemical, and photochemical proc- 
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esses. Finally, we have problems in 
physiology and pathology of plants and 
animals, as well as legal and economic 


problems. 


Los Angeles Smog 


Notwithstanding its many facets, this 
control problem is simple compared with 
a more recently discovered air pollution 
problem which threatens to affect all 
metropolitan areas. It is an oxidized hy- 
drocarbon type of pollution, better 
known as Los Angeles smog, from its 
place of discovery (Fig. 3). 

During the war years, Los Angeles 


was suddenly surprised to find itself en- 
gulfed in an eye-irritating cloud of chlo- 
rine-like odor. This incident lasted about 
a year and was generally attributed to 
the emissions from a_ synthetic-rubber 
plant. After the control of these emis- 
sions, complaints stopped, only to be re- 
sumed after the war. The rubber plant 
could not be blamed this time, for it 
was closed, nor could sulfur dioxide and 
soot be blamed for the severe eye irrita- 
tion. As a matter of fact Los Angeles is 
a very clean city in this respect, with a 
dustfall of only 20 to 30 tons per month 
per square mile, as compared with sev- 
eral times this quantity in other indus- 
trial cities. There is no resemblance at 


Table 1. Comparison of measured and calculated concentrations of pollutants in down- 


town Los Angeles (4, p. 41). 


Clear day* 


Day of intense 


(parts per million tsi elias 
Pollutant by vol.) by vol.) 
Measured Calculated Measured Calculated 

Carbon monoxide 3.3 3.5} 23.0 23.0f 
Oxides of nitrogen 0.08 0.10 0.4 0.6 
Sulfur dioxide 0.05 0.08 0.3 0.5 
Total hydrocarbons§$ 0.2 0.40 1.1] 2.6 
Aldehydes 0.07 0.02 0.4 0.1 
Organic acids 0.07 0.03 0.4'|| 0.2 


* Visibility, 7 miles. 
+ Visibility, less than 1 mile. 


t The method defines the calculated value as the same as the measured value for CO. 


§ Calculated as hexane. 
|| Preliminary values. 














Fig. 3. Dense smog over Los Angeles Civic Center. Note how the buildings project above 
the base of the inversion layer, while pollution remains below. [Los Angeles County Air 
Pollution Control District] 


all to the problems of cities in the east- 
ern part of the United States, where coal 
is the major source of energy and where, 
consequently, soot blackens all buildings. 
The eye-irritating clouds in Los Angeles 
are accompanied by complaints from 
farmers about crop damage (Fig. 4) 
and, strangely enough, from rubber 
manufacturers, who observed that their 
products cracked more heavily in this 
area than in other sections of the coun- 
try (Fig. 5). Control of dusts and sulfur 
dioxide did not help, for the phenomena 
are due to an effect quite different from 
the more old-fashioned, reducing type 
of air pollution. Los Angeles smog, con- 
trary to this type of pollution, is typified 
by its strong oxidizing action (6, 7). 
For practical measurement of the typi- 
cal oxidizing effect of Los Angeles smog, 
liberation of iodine from potassium 
iodide, oxidation of phenolphthalin to 
phenolphthalein, and many other oxida- 
tion-reduction reactions can be used. 
For an explanation of the effect of oxi- 
dizing smog on living tissue, its demon- 
strated action on amino acids such as 
cysteine, tryptophan, and histidine, as 
well as on glutathione and lysozyme, is 
significant and might well account for 
the irritating symptoms, The measured 
oxidant action is caused by an excess of 
oxidizing over reducing components in 
the polluted air. In Los Angeles smog 
the concentration of sulfur dioxide, a 
reducing substance, is low, and its effects 
are usually negligible. In other areas, the 
presence of the oxidizing pollutants may 
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well have escaped attention because of 
the masking effect of an _ excessive 
amount of reducing substances. It is 
quite possible that the oxidizing pol- 
lutants which characterize Los Angeles 
smog are of more frequent occurrence 
than was originally suspected. 

The concentration of the oxidant 
varies during the day, increasing toward 
noon and decreasing to virtual absence 
during the evening and night hours. The 
time of increased concentration of the 
oxidant is invariably correlated with eye 
irritation and haze. The type of damage 
to plants from oxidizing pollutants is 
readily distinguishable from damage 
from other types of pollutants, such as 
sulfur dioxide or fluoride. Sensitive 
plants—spinach, sugar beets, alfalfa, en- 
dive, oats, and pinto beans—are used 
extensively to gage the spread of the 
pollution (Fig. 6). A major part of the 
oxidant consists of ozone, which is di- 
rectly responsible for the excessive rub- 
ber cracking observed in the Los Angeles 
area. Spectrographic, as well as chemi- 
cal, methods have definitely established 
the presence of ozone concentrations 20 
to 30 times higher than those found in 
unpolluted air, where the normal con- 
centration amounts to 1 to 3 parts per 
hundred million. 

A simple and inexpensive method of 
measuring ozone involves the use of bent 
pieces of antiozodant-free rubber as in- 
dicators (Fig. 7) (8). The time neces- 
sary for the appearance of the cracks is 
directly related to the ozone content of 





the air. At night, and on smog-free days, 
it may take as long as an-hour for the 
first cracks to appear; on a smoggy day, 
cracks are often evident in a matter of 
a few minutes, under the conditions of 
the test. During heavy smog periods the 
total oxidant concentration is higher 
than can be accounted for on the basis 
of the presence of ozone alone when de- 
termined by spectrographic methods, 
This excess oxidant, corrected for the 
action of oxides of nitrogen, consists 
mainly of peroxidic material formed by 
the atmospheric oxidation of organic 
material. These organic peroxides are 
held to be responsible for eye irritation 
and plant damage resulting from smog, 
In the atmosphere over a city it is to be 
expected that the reactive ozone will 
enter into reactions with a number of 
other pollutants. Among the most preva- 
lent of these groups are olefins, present 
in gasoline; fumigation experiments with 
gasoline fractions, and also with pure 
olefins which have been allowed to react 
with ozone, led to a reproduction of the 
typical plant-damage symptoms and to 
eye irritation, haze formation, and 
typical smog odor, as well. These ex- 
periments strongly indicated that the 
irritating materials were intermediate 
oxidation products of hydrocarbon oxi- 
dation and are of peroxidic nature, since 
the usual end products—aldehydes, ke- 
tones, and organic acids—are inactive in 
the concentration range used. 

Most organic compounds are relatively 
stable against oxidation, when com- 
pletely pure, but the presence of per- 
oxides speeds the auto-oxidation consid- 
erably through a chain reaction initiated 
by hydrogen removal from the hydro- 
carbon chain. This effect can be accom- 
plished also through the action of light 
on either the hydrocarbon or the oxygen 
molecule. In the latter case, the excited 
oxygen may remove hydrogen. Most hy- 
drocarbons do not have absorption bands 
in the wavelength region of sunlight for 
a direct photochemical reaction. Simi- 
lar reactions can be accomplished in a 
roundabout way by having a substance 
present which accepts the light energy 
and subsequently transfers it to the com- 





pound to be oxidized. In nature we find 
such substances in chlorophyll and other 
photochemically active pigments. In pol- 
luted atmospheres nitrogen dioxide func: 
tions as an oxidation catalyst in this way. 
Strong absorption of light by nitrogen 
dioxide occurs from the near ultraviolet 
through the blue part of the spectrum, 
and, upon irradiation, nitrogen dioxide 
splits into atomic oxygen and _ nitric 
oxide. Fumigation experiments with 
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gasoline or olefin in the presence of 
oxides of nitrogen resulted in eye irrita- 
tion and the same type of plant damage 
that was previously obtained with ozone 
acting on the olefins directly. In this 
case, too, we are able to calculate the 
concentration of hydrocarbon which 
should be present in a certain area and 
compare this with the actually observed 
concentration, just as we have done with 
the sulfur oxides. We find that the hy- 
drocarbon concentration in the air is less 
than it had been calculated to be; on the 
other hand, the concentrations of the oxi- 
dation products—aldehydes and acids— 
are considerably higher than had been 
calculated, as is shown in Table 1. All 
these observed facts are in harmony with 
an explanation of Los Angeles smog as 
an oxidation phenomenon of organic 
material. 


Formation of Ozone 


When all the typical symptoms of 
smog had been reproduced, the problem 
remained of accounting for the relatively 
high ozone content in the polluted at- 
mosphere. It is now well established that 
the generation of ozone is intimately 
connected with the same photochemical 
reaction of organic material and oxides 
of nitrogen which causes eye irritation 
and plant damage. The formation of 
ozone is apparently a general phenome- 
non and is observed with many types of 
hydrocarbons, as well as with alcohols, 
ketones, aldehydes, and acids. The pro- 
duction of ozone has been attributed to 
the intermediate formation of peroxide 
radicals. This hypothesis is supported by 
the behavior of a model substance, bi- 
acetyl, upon irradiation. Years of photo- 
chemical research have shown that this 
diketone dissociates predominantly into 
acetyl radicals, which are further decom- 
posed into methyl radicals and carbon 
monoxide. In most of these photochemi- 
cal experiments the presence of oxygen 
is rigorously excluded to avoid compli- 
cation. When oxygen is admitted, the 
free radicals will form peroxy radicals, 
and these apparently react with more 
oxygen to yield ozone: 


0 
eI ‘ a 
ao—C+O—-C4 0-6 
0 
H0—-GOO—* H;c—GO'+ 0, 
0 0 


This rather surprising result can readily 
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Fig. 4. Severe damage on the under side of spinach leaves caused by Los Angeles smog. 


be verified by a simple lecture experi- 
ment in which a drop of biacetyl is in- 
troduced into a Pyrex flask. Next, a 
small piece of rubber with the ends tied 
together to form a loop is suspended in 
the flask. After exposure for an hour to 
sunlight, the rubber is heavily cracked, 
due to ozone attack. The rubber used 
should not contain antiozodants, of 
course. Infrared investigations have con- 
firmed the chemical analysis and indi- 
cate that we are really dealing with 
ozone. Another well-known instance of 
radical formation is the irradiation of 
alkyl nitrites whereby an alkyl radical 
and nitric oxide are formed. When ir- 
radiation is carried out in air or oxygen, 
the alkyl radical forms a peroxide radi- 
cal and ozone formation can readily be 
established. This reaction is similar to 
that postulated in the formation of smog 
of the Los Angeles type. The starting 
products in that case are nitrogen di- 
oxide and hydrocarbons or their de- 
rivatives. We may visualize, first, a 
light-activated dissociation of nitrogen 
dioxide to nitric oxide and atomic oxy- 
gen, followed by a reaction of the atomic 
oxygen with a molecule of oxygen to 
form ozone. Atomic oxygen may also ab- 
stract a hydrogen from a hydrocarbon, 
with formation of an alkyl radical. This, 
in turn, can form ozone, as shown pre- 
viously in the case of biacetyl. Also, re- 
actions between nitric oxide and alkyl 
and alkylperoxy radicals may take place. 
Representatives of such combinations 


‘[Los Angeles County Air Pollution Control District] 


have been found in long-path infrared 
studies conducted by workers at the 
Franklin Institute (9). Especially inter- 
esting is the formation of a peracylni- 
trite, a direct combination product of the 
photochemically produced nitric oxide 
and peroxy radical. This compound ap- 
pears in smog atmospheres as well as in 
irradiation of synthetic mixtures of hy- 
drocarbons and nitrogen oxides. It is 
postulated that these types of compounds 
play an important role as intermediates 
in the reoxidation of the nitric oxide to 
nitrogen dioxide. 

A systematic study of the area of con- 
centrations of hydrocarbon and oxides of 
nitrogen where ozone formation takes 
place showed that the reaction is limited 
to quite low concentrations of the re- 
actants, as is shown in Fig. 8. Experi- 
ments of this type have focused atten- 
tion on the circumstances peculiar to 
the problem of air pollution—that is, 





Fig. 5. Severe rubber cracking observed in 
Los Angeles area. [J. W. Haagen-Smit] 
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Fig. 6. The effect of air pollution control in the Los Angeles area for the period 1956-57. The intensity of eye irritation (top) has 
decreased, as has the area over which eye irritation is observed. Reported plant damage (bottom), too, has been less severe. [Los 
Angeles County Air Pollution Control District] 
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the extreme dilution. A chemist refer- 
ring loosely to slow and fast reactions 
has in mind the conditions in laboratory 
synthesis, where concentrations of about 
10 percent are most commonly used. In 
atmospheric reactions the concentrations 
are in the order of 0.00001 percent— 
about one millionth as much. As a result, 
reactions which under the usual labora- 
tory conditions are considered fast be- 
come very slow. For example, when a 
bimolecular reaction with participants 
in the concentration range of 10 percent 
(100,000 parts per million) requires 
0.0036 second to go halfway to comple- 
tion, it takes 10° times as long, or a 
whole hour, to reach the same point with 
a concentration of 0.1 part per million. 
Under the latter circumstances, not only 
can ozone survive attack by reducing 
agents but even free radicals have a far 
better chance of survival. It took many 
years to unravel relatively simple reac- 
tions such as the photodecomposition of 
acetone, biacetyl, and other compounds. 
In the air these reactions are compli- 
cated by the presence of oxygen, water, 
carbon dioxide, and an almost infinite 
variety of organic compounds from the 
evaporation and combustion of gasoline 
and from the burning of trash in its 
many forms. 


Theoretical Investigations 


The field of atmospheric reactions is 
now being actively studied by a number 
of physical chemists and provides an in- 
teresting example of the way in which a 
practical problem has stimulated a num- 
ber of theoretical investigations. Such 
study has familiarized a large group of 
physical chemists with the exciting field 
of extreme dilution, in which research 
should prove to be far less disturbed and 
complicated than research at higher con- 
centrations, where molecules collide all 
too frequently. In addition, the practical 
aspects of air-pollution photochemistry 
have made available the instrumentation 
necessary to study these phenomena from 
a theoretical point of view. The purely 
theoretical physicist and chemist would 
have difficulty in obtaining the millions 
of dollars which have gone into the de- 
velopment of these instruments. It is 
gratifying to find that, as a by-product 
of the study of an unpleasant problem 
such as air pollution, a significant con- 
tribution to fundamental problems in 
chemistry could be made. 
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Automobile Exhaust Fumes 


These remarkable reactions have now 
been confirmed in at least four different 
laboratories and provide a firm basis for 
control measures. We know which com- 
pounds contribute to these reactions and 
we know their sources, and now the Air 
Pollution Control District has only to 
control hydrocarbons, their oxidation 
products, and the oxides of nitrogen. Un- 
fortunately, the necessary control equip- 
ment cannot be ordered because it still 
has to be invented. After hydrocarbons 
at refineries have been recovered, the 
major remaining source of hydrocarbons 
is the exhaust of automobiles, which 
amounts to 1200 tons per day. Direct 
and catalytic afterburners and decelera- 
tion devices are now being developed, 
but even after a successful device has 
been produced it will take many years 
before such devices will be installed on 
all the cars in the Los Angeles area. 
Pressing air pollution considerations can 
now be added to the many other argu- 
ments for streamlining our transit sys- 
tems. 

There are other difficulties. The ma- 
jor contributor to the oxides of nitrogen 
is, again, the automobile, and, apart 
from injection of water into the cylin- 
ders and the combustion of very rich 
fuel mixtures, no means are yet avail- 
able for reducing the oxides of nitrogen. 
Several engineering laboratories are now 
searching for ways to reduce the nitro- 
gen dioxide content of exhaust gases 
from gas, oil, and gasoline combustion 
through studies on the variable com- 
bustion conditions which can be ob- 
tained through boiler modification or 
changes in engine design. Often the 





10,000 T 


PPM 


5000 





3-METHYL HEPTANE 





woof — | 





Oo 1000 5000 10900 
NO, PPM 








Fig. 8. Area of ozone formation with 3- 
methylheptane and NOs. Ozone formation 
takes place only at concentrations indi- 
cated by shaded area (10,000 parts per 
million, volume for volume, is equivalent 
to 1 percent). [A. J. Haagen-Smit and M. 
M. Fox, Air Repair (7)] 


question has come up, “Can’t we do 
one or the other—hydrocarbon control 
or nitrogen dioxide control?” The an- 
swer, I believe, is “No.” Most of the 
smog reactions are directly dependent on 
the product of the concentration of both 
hydrocarbons and oxides of nitrogen. 
The private automobile is a major 
offender in both respects, and there is 
no reasonable basis for hope that con- 
trol devices in the hands of the average 
car owner will give anywhere near the 
performance they give in an automobile- 
testing laboratory. Also, changes in gaso- 
line composition could not be expected 
to have a drastic effect on smog-produc- 
ing hydrocarbons in the exhaust. The 
steady increase in population tends to 
neutralize any control effort, and it is 
therefore evident that emissions must be 
controlled wherever possible. Besides be- 
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Fig. 7. Ozone in air is measured by its effect on rubber under strain. The degree of crack- 
ing indicates the concentration. [Los Angeles County Air Pollution Control District] 
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ing an objectionable factor in the pho- 
tochemical reactions, the nitrogen ox- 
ides are objectionable in their own right 
and are quite toxic even in low con- 
centrations. Fortunately we have not yet 
reached anywhere near the lower alert 
limit of 5.0 parts per million, but the 
concentration of this pollutant is steadily 
increasing, and since it appears in all 
combustions, the increase is practically 
proportional to the increase in popula- 
tion. Especially in areas of heavy traffic 
the concentration might at times surpass 
the safe limits, or, rather, what we now 
believe are safe limits, Oxides of nitro- 
gen are rather unpleasant compounds. 
In concentrations of only 25 parts per 
million they act like war gases such 
as phosgene and cause lung edema. It is 
quite possible that, at far lower doses, 
objectionable damage might occur. 


Cigarette and Cigar Smoke 


Oxides of nitrogen are prominent in 
a quite different form of air pollution. 
Cigarette and cigar smoke contains from 
300 to 1500 parts per million of oxides 
of nitrogen, which is completely re- 
moved by inhalation, through adsorp- 
tion in the lungs. No attention has been 
given to this agent as a causative factor 
of respiratory ailments in smokers. Its 
strong toxic action should be an induce- 
ment to study more intensely the vola- 
tile components of tobacco smoke than 
has been done in the past, when most 
attention has been given to nonvola- 
tile tars containing carcinogenic hydro- 
carbons. 

Air pollution control administrations 
have a difficult task in surviving the 
years of waiting for engineering to catch 
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Fig. 9. Hypothetical dispersion of smoke puffs released at two points of the Los Angeles 


basin at 7 A.m. and 8 a.m., respectively. [F. N. Frenkiel (11 )] 


876 





up with the demands of the community, 


aste! 
Programs for meeting emergency condi- B fyrn 
tions have somewhat contributed to bet- B to p 
ter feelings on the part of the public. It B of ¢ 


is understandable that most people not fF gtud 


accustomed to smelling or inhaling a FB yard 
concoction of ozone, oxides of nitrogen, phys 
ozonides, and substances x, y, and z be- F gang 
gin to be a little worried. In recent years ising 
the medical profession in Los Angeles F tion 
has set certain levels below which a pom 
catastrophe would be unlikely to occur. J sols 
This is admittedly a very difficult de- f jcal 
cision to make and it has pointed to a & <cta 
serious deficiency in our knowledge of F port 
environmental hygiene. effec 
not 

but 

Pollution Levels clas: 
of t 

In studies of the health effects of air F and 


contaminants it becomes evident that A 
there is a great difference between the fF) Rye; 
industrial and general population levels. F py , 
The industrial group generally repre- ping 
sents-a selected group of healthy indi- whi 
viduals from which the extrasensitive 


olog 
have been removed, because the work- F traj 
ing conditions do not agree with them. f age 


For the whole population such a selec- F the 
tion does not take place to any large Ff are 
degree, and we are dealing with the f jp ; 
oversensitives—the sick, the young, and F a gi 
the very old. Public health officers have F thr, 
a most difficult task in establishing pol- Ff tion 
lution levels for such a heterogeneous F tive 
group, and it is a foregone conclusion f jprji 
that when leveis are finally adopted f We 
there will be those who will maintain the 
that they are too high, while others will F x | 
charge persecution of industry because V 
the levels are set too low. Animal ex- 


nat 
periments, and even experiments with Ff can 
human beings, while indicating some § jecy 


level of toxicity or annoyance, cannot § diff 
give the answer for a general popula- § |atj 
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of Los Angeles, a disaster. The impossi- F the 
bility of approaching this accuracy of 
prediction in an experimental human, or 
even animal, colony is evident, for we 
would have to experiment with a few 
million individuals to get a statistically 
valid answer. 

We come, therefore, to the conclusion 
that the only person able to give an- 
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aster; on the other hand, these studies 
furnish extremely valuable data on ways 
to prevent recurrence of the same series 


' of events. It is for this reason that the 


study, such as.that by workers at Har- 


| vard, of pretoxie effects, consisting in 


physiological responses warning of the 
danger ahead, is one of the most prom- 
ising approaches to the study of pollu- 
tion levels. These studies deal with the 
combined and synergistic effects of aero- 
sols and sulfur dioxide. The physiolog- 
ical changes noted are greater flow re- 


| sistance in the respiratory system, as re- 


ported by Amdur and Mead (/0). The 


effects found at lower concentration do 


not necessarily represent toxic symptoms 
but may have to be regarded in the same 


| class as sneezing, coughing, or blinking 
| of the eye—therefore as warning signs 


and pretoxic symptoms. 
Air pollution disaster can be prevented. 


| Even nuisance effects can be minimized 


by planning at the right time. Such plan- 
ning requires some basic information 
which can be furnished by the meteor- 
ologists. A study must be made of wind 


| trajectories, for the progress of a pack- 


age of air loaded with pollutants over 
the area should be known. Also needed 
are data on the change in concentration 


in a pollution cloud as it moves across 
| a given area. This change comes about 


through turbulence and chemical reac- 


tions. As in the case in Los Angeles, rela- 
| tively harmless gases may react to form 


irritants while moving across the basin. 
We like to know how long it takes for 
the pollutants to react sufficiently to give 
us maximum irritation. 

When all these facts, plus the size and 
nature of the emission, are known, we 
can begin to think of plotting the tra- 
jectories and the isopollution lines for 
different substances. This kind of calcu- 
lation has been described by Frenkiel 
(11) for a hypothetical case in the Los 
Angeles area. The calculation, which, 
practically, can be made only by means 
of electronic calculating machines, shows 
the fanning out of the emission from a 
single point of origin and its gradual 
dilution (Fig. 9). When we are dealing 
with a diffuse source such as the auto- 
mobile, we can divide the area into a 
number of smaller areas for which traffic 
density, and therefore pollution, are 
known (Fig. 10). By calculating and 
integrating each one of these contribu- 
tions, we arrive at the effect of a mul- 





mn is the 
n death 
It is, of 
kind of 
the dis- 


VOL, 128 


























tiple source of pollution such as the 
automobile. This method, more than 
any other, shows clearly the contribu- 
tion made by different sources, often 
miles away, to the pollution at a par- 


17 OCTOBER 1958 





ticular spot. Anyone enveloped by the 
expanding cloud will experience nuis- 
ance effects, regardless of whether or 
not he is in the exact center. On the 
basis of this concept, it is possible to 
express quite clearly how strongly the 
individual contribution from different 
sources may vary from one location to 
another, although both are in the same 


general area. Almost everyone is aware 
of this fact. Nevertheless it is quite com- 
mon to refer loosely to minor and major 
sources, completely losing sight of the 
fact that in certain neighborhoods a 
local nuisance may have a greater effect 
than larger sources located fax away. A 
great deal of friction could be avoided 
by recognizing this simple fact, and 
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Fig. 10. Geographical distribution of traffic in the Los Angeles area. Area of circles is 
proportional to the number of vehicles; each square represents 16 square miles. [F. N. 
Frenkiel (1/7 )] 
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Fig. 11. Relative contributions of the three principal pollution sources to,.the mean con- 
centration at California Institute of Technology. The effects of topographical features 
and inversion are taken into account in the mathematical model of Los Angeles County. 
The relative proportions of the “important” pollutants emitted by the three principal 
sources are based on recent studies in Los Angeles County. [F. N. Frenkiel (/1)] 
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Frenkiel’s “relative contribution charts” 
for different locations could be of great 
help in objectively settling some of the 
hot arguments (Fig. 11). A prerequisite 
for such calculations is reliable informa- 
tion on wind directions. Tracer studies 
based on the addition of easily identi- 
fiable materials such as fluorescent sub- 
stances to the stack gases may be help- 
ful. Much cheaper is the tracing of nat- 
ural components specific to some of the 
sources, Aerial photography also offers 
considerable promise, especially at times 
when plumes 10 to 20 miles in length 
can be observed. Closer cooperation of 
other organizations, such as the Air 
Force and military and civilian groups, 
would be of great help. 

Application of the methods for the 
calculation of pollutant distribution and 
movement would allow us to predict the 
future development of smog at a certain 
location and to predict what the elimi- 
nation of certain sources will do as com- 
pared with the removal of others, This 
is especially important for a complicated 
case such as we find in Los Angeles. 
Here, most of the hydrocarbon material 
is emitted by the automobile, but the 
other components of smog, the oxides of 
nitrogen, are produced in nearly equal 
quantities by automobiles and installa- 
tions burning gas or oil. The station- 
ary installations are usually large, the 
trail of oxides of nitrogen is well de- 
fined, and the concentration of oxides 
of nitrogen may be higher than could be 
expected from a pollution cloud from 
such a diffuse source as the automobile. 

Climatological conditions, and there- 
fore air pollution moved by the wind 
currents, do not respect legal boundaries, 
nor does the pollution suddenly stop at 
the shore line, beyond which it is some- 
what more difficult to maintain observa- 
tion posts. In the Los Angeles area basin, 
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for example, pollution from the south- 
ern industrial area can reach the Los 
Angeles Civic Center by either a land 
or a sea route. Federal and state testing 
programs have drawn attention to these 
wind movements, which cause pollutants 
to drift as far as islands 50 miles off the 
Pacific coast. These pollutants can read- 
ily be seen from the air and are quite 
different in appearance from low-lying 
clouds, due to their lack of structure 
and often to their characteristic yellow- 
ish-brown, off-white color, caused by re- 
fraction rather than by any color of spe- 
cific chemicals. 

Earlier in this article I have discussed 
more or less regularly occurring, or 
chronic, air pollution problems. There 
is, however, a more acute type of pol- 
lution which occurs when, through acci- 
dents such as explosions of tanks of toxic 
chemicals or through explosion of enemy 
bombs, large areas may become danger- 
ous. In such circumstances it is of great 
importance to have the ability and the 
machinery to push a button on a com- 
puter which tells the health authorities 
in only a few minutes the area to which 
the poisonous cloud is drifting and what 
its concentration will be. 


Conclusion 


Air pollution problems are as varied 
as the activities of people themselves. 
We have looked in some detail at only 
two types of pollution. It has been my 
intent to make it clear that the prob- 
lems met in air conservation are ex- 
tremely complex and need the coopera- 
tive assistance of many scientific and 
technical disciplines. There is hardly any 
field of human endeavor that is not 
touched. The student of environmental 
hygiene has, as his laboratory, hundreds 
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of square miles; as his chemicals, about 
everything a population emits to the air 
—in other words, a mixture representing 
a sizable portion of the inorganic and 
organic chemicals. His accomplishments 
have td be attuned to a population so 
varied in reactions and responses that an 
“average” person has no meaning in his 
problem. Entering into and often inter- 
fering with the normal occupations of 
the community, he has to be endowed 
with diplomatic and legal talents. The 
increased importance of his job in pro- 
tecting the cleanliness of the air is felt 
in many quarters, and several universi- 
ties and federal agencies have started 
courses in practical and theoretical as- 
pects of air pollution control. Needed, 
too, are engineering studies to lead to 
the improvement of existing methods 
and to the invention of more efficient 


and economical processes to deal with 


old and new problems in air pollution. 
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Coming Problems ot 


U.S. Economic Development 


A review of two volumes of specially prepared essays 


by economists, sociologists, and other thinkers. 


Winston Churchill is supposed to have 
complained that whenever he asked 
Britain’s three leading economists for an 
opinion he received four replies—two 
from John Maynard Keynes. It comes as 
no surprise, therefore, that when the 
Committee for Economic Development 
(a business-sponsored, policy-oriented, 
economic research organization) asked 
economists and others to write two thou- 
sand words on the question: “What is 
the most important economic problem 
to be faced by the United States in the 
next twenty years?”, they received a 
plethora of answers. Ninety-nine such 
essays have now been published under 
the title Problems of United States Eco- 
nomic Development, in two volumes (1). 

Volume 1 contains 49 papers (2) 
which were contributed by invitation. 
The roster of authors is impressive. It 
includes six past presidents of the Amer- 
ican Economic Association: J. M. Clark, 
Paul Douglas, Alvin Hansen, Frank 
Knight, Simon Kuznets, and Sumner 
Slichter. Several outstanding foreign 
economists are represented—for exam- 
ple, Colin Clark, Nicholas Kaldor, Rob- 
ert Marjolin, Lionel Robbins, and Jan 
Tinbergen—as well as a sprinkling of 
distinguished writers from other fields, 
among them Henry Steele Commager, 
Julian Huxley, Reinhold Niebuhr, and 
David Riesman. 

Volume 2 contains 50 papers which 
were chosen for publication (and awards 
of $500 each) from 1238 entries in a 
contest sponsored by the Committee for 
Economic Development. Most of the au- 
thors represented in this volume are 
economists, but a professional writer, a 
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Harvard Law School professor, and a 
banker and other noneconomists were 
also among the winners. 


Picture of American Society 


What do the 99 essays add up to? Is 
there a composite picture of America 
which emerges—a picture which deline- 
ates in broad terms our economic present 
and future? What do we, as a nation, see 
when we look in the collective mirror of 
our minds? 

According to these essays, we see a 
well-dressed, well-fed, well-gadgeted, 
successful, albeit potentially erratic, mid- 
dle-aged businessman. Through a com- 
bination of thrift, hard work, and some 
luck, he has become very wealthy, but 
he is surrounded by poor neighbors, who 
endanger his security and peace of mind 
and sometimes even trouble his con- 
science. He spends a sizable portion of 
his income for police protection but still 
does not really feel secure and wonders 
if there might not be some alternative. 

At home, his children give consider- 
able evidence of being “spoiled” and 
seem to be dissipating his wealth in an 
extravagant and rather purposeless man- 
ner. He is not in a good position to criti- 
cize them, however, since he has always 
encouraged their preoccupation with 
conspicuous consumption. He is worried 
about his own old age (the problem here 
is only partly financial), and at the same 
time he is faced with the task of provid- 
ing adequate education and housing for 
an enormous crop of grandchildren. He 
has a strong distaste for “politics,” but 
he finds that many of the most pressing 
problems of the day are not handled 


adequately by private enterprise, and 
that government must play an increas- 
ingly important role. 

He has accepted a certain amount of 
control over his business in the interest 
of stability, but he is not sure that gov- 
ernment can really fulfill on that prom- 
ise. After having first fought the unions 
and then acquiesced in their growth, he 
now finds himself wondering whether the 
power of organized labor does not pose 
new problems of stability and equity. 
Moreover, he has an uneasy feeling that 
the tremendous growth and bureaucrati- 
zation of his own business imperils some 
of the freedoms which he has always 
considered his most precious heritage. 

Most important and most troublesome 
of all, he must ask himself what kind of 
person he really is and what he wants to 
become. The dreams of his youth have 
been, to a great extent, fulfilled. He must 
now dream new dreams, grander 
dreams, and pursue them with even 
more determination, intelligence, and 
compassion than he showed in the past. 
As Moses Abramovitz wrote in one of the 
most stimulating of the invited essays, 
we as a people, must “. . . define useful 
and worthy ends, and balance our efforts 
among them in due proportion” (3). 


Internal Problems 


This is the over-all picture; we may 
now examine the essays in somewhat 
greater detail. 

The reviewer of these essays is faced 
with an almost insurmountable prob- 
lem. It obviously is not feasible to say 
something about each; on the other hand, 
the essays do not fall easily into a simple 
system of classification. In preparing the 
papers for publication, the committee 
made two tries at grouping them accord- 
ing to subject (the categories of volume 
1 do not correspond to those of volume 
2) and neither is very satisfactory. My 
own attempt appears in Table 1. 

We may first make a basic distinction 
between those papers which saw the 
“most important problem” as one which 
was internal to this country (that is, 
would exist even if the United States 
were alone in the world) and those es- 
says which discussed external problems 
(problems involving United States rela- 
tions with the rest of the world). Slightly 
more than one-fourth of all papers fell 
into this latter category; the burden of 
their argument will be discussed later. 

Of the papers concerned with internal 
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problems, we may distinguish three 
major and one minor category, plus a 
miscellaneous group. The largest num- 
ber of papers was devoted to the peren- 
nial problem of stability—that is, the 
prevention of inflation or depression. 
More than one-fifth of the writers made 
this their choice, while a number of 
others alluded to it but indicated that 
this is a problem the solution to which 
is now in hand. 

Fear of “creeping inflation” was the 
dominant theme of the invited papers 
which dealt with internal stability. In 
essay after essay the experts expressed 
concern about the slow but persistent 
deterioration in the value of money. 
Most of them related it to the over-all 
commitment to full employment, cou- 
pled with the strong bargaining power of 
organized labor. 

The contest winners were evenly di- 
vided between those who saw inflation as 
the major stability problem and those 
who stressed the possibility of another 
depression. The writers in the latter cate- 
gory stressed the historical instability of 
the American economy, the problem of 
maintaining a balanced rate of expan- 
sion of investment and consumption, and 
the difficulty of persuading the govern- 
ment to initiate, and the public to ac- 
cept, those programs which would help 
to avert a major depression. On the 
whole, however, this represents an area 
in which there has been a tremendous 
change in thinking in the past decade. 
If these volumes had been published at 
the end of World War II, it is safe to 
estimate that at least 50 of the papers 
would have listed a possible depression 
as the number one problem. 

Hard on the heels of the papers deal- 
ing with stability was an interesting 
group of papers devoted to the problems 
of economic growth. Very few of the 
writers were concerned about America’s 
capacity or ability to grow in quantita- 
tive terms, but they were disturbed by 
the directions of growth and by the 
stresses and strains which accompany 
growth. In these papers there is little of 
the type of discussion which might have 
been offered by natural scientists about 
the depletion of natural resources as a 
growth-inhibiting factor. Instead of en- 
gaging in a discussion of means, most 
of the writers on growth were concerned 
about ends. In the words of contest- 
winner Werner Levi, “The great prob- 
lem of future economic development in 
America will be how to influence its 
direction so that it may serve the cause 
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Table 1. Distribution of papers according 
to subject, based, in part, on a few very 
arbitrary designations. 








Invited Contest 





be te Total 
problem papers papers 
External 20 6 26 
Internal 
Stability 8 13 21 
Growth 8 10 18 
Freedom 5 8 13 
Location and 
urbanization 5 2 7 
Miscellaneous* 3 11 14 


Total 49 50 99 





* This category includes education, housing, prob- 
lems of older people, and so on. 


of human freedom and dignity” (4). Or, 
as sociologist David Riesman wrote, 
“This searching of aims and discovery of 
motives seems to me the fundamental 
economic task in an age of abundance” 
(3). 

In third position among the internal 
problems was the question of freedom. 
For a few, this meant a concern over 
freedom of enterprise, but for most of 
the 13 writers in this category, the prob- 
lem encompassed freedom for the indi- 
vidual in many varied aspects of life. 

Writers on the subject of freedom fall 
into two main groups. There are those, 
such as Frank Knight, Milton Fried- 
man, and John Jewkes, who see the prin- 
cipal threats to individual freedom resid- 
ing in government, monopolistic labor 
unions, and the decline of free enterprise. 
On the other hand, Paul Douglas and 
several of the contest winners see the 
giant corporations as the greatest poten- 
tial threat to freedom. Even if the giants 
acquire 
Adolf Berle recommended a few years 
ago, the problem would still be with us, 
according to one contest winner, Roswell 
G. Townsend. He wrote, “The paradox 
is that the more the modern corporation 
accepts its own public importance, the 
more its managers succeed in living the 
good life in business affairs, the more 
effective its ‘human relations’ with labor 
and unions, the more it improves the 
community through fine educational and 
recreational facilities . 


“corporate consciences,” as 


. . the more the 
citizens lose that self-reliance, that in- 
dependence of thought, that initiative 
which have made America great” (6). 

A fourth, and much smaller, group of 
papers, dealt with problems of location, 
especially as they manifest themselves 
in the problems of the urban metropolis. 
Reginald R. Isaacs, chairman of city and 
regional planning at Harvard University, 


estimated that the cost of: urban renewal 
will reach the staggering total of $2 tril- 
lion by 1970 (7). On the other hand, 
Luther Gulick, president of the Institute 
of Public Administration, in another in- 
vited paper, dismissed the cost factor and 
put the blame on “bad political engi- 
neering” (8), while economist Alvin 
Hansen saw the problem asa... “con- 
flict between a rigidly private enterprise 
point of view and a social welfare point 
of view” (9). 

Some 14 papers which deal with in- 
ternal problems do not fall into any of 
the above categories and have been clas- 
sified as miscellaneous. They include dis- 
cussions of such diverse subjects as 
nuclear energy, the consumer, and the 
need for balance among competing 
groups. There were many more in the 
miscellaneous category among the con- 
test papers than in the invited group, 
and it is not impossible that some ele- 
ment of “gamesmanship” is partially re- 
sponsible for this diversity. 

Two of the most interesting of the 
papers in the miscellaneous category 
posed questions which were symptomatic 
of a general unrest apparent in a major- 
ity of the essays—namely, the inability 
of the United States to meet the prob- 
lems of tomorrow within the traditional 
framework of a competitive, free enter- 
prise, profit system. Such a system, it 
must be remembered, automatically of- 
fered solutions to the basic social prob- 
lems of choice of output, allocation of 
resources, and distribution of income, 
and at the same time provided a rigor- 
ous test of efficiency. 

But, according to many of the essays, 
the problems of tomorrow will require 
new institutions and standards to supple- 
ment markets and profits. Contest-win- 
ner Norman H. Leonard, Jr., wrote, 
“The most important economic problem 
of the next twenty years is how to de- 
velop a methodology and _ institutions 
which encourage the public and its pol- 
icy makers to make choices in the light 
of a multiple goal system. Each part of 
economic policy should be examined 
with respect to . . . the political goals 
of a free society. By this means economic 
policy could be related more directly to 
the ethical end of human existence . . .” 
(70). And in an invited paper, Gerhard 
Colm, chief economist of the National 
Planning Association, argued _ that 
“. .. the evolution of standards of eco- 
nomic performance and conduct is of the 
most crucial impoftance for our eco- 
nomic future. Without the development 
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of some such standards, I see little 
chance that the specific economic prob- 
lems can be solved within the frame- 
work of a free and democratic society” 
eT). 


External Problems 


The: great majority of the essays deal- 
ing, with external problems stressed one 
major theme: the need for the United 
States to assist the so-called underdevel- 
oped countries to achieve a more rapid 
rate of economic growth. Three princi- 
pal arguments were advanced in sup- 
port of this position. First, it was argued 
that a failure to solve this problem will 
drive these countries to communism, will 
block efforts to promote peace, and will 
endanger the security of the United 
States. Peter Drucker wrote, “We share 
today throughout the world a common 
goal, a common belief and a common 


commitment: The goal of economic de-’ 


velopment. . . . If the promises of Eco- 
nomic Development shy:ld be disap- 
pointed, however, internauonal class war 
of the many very poor against the few 
very rich would become unavoidable. 
This would be a class war against the 
United States... such a class war would 
mean victory for world Communism” 
(12). Allusions to such an international 
class war can be found in many of the 
papers. 

Second, a substantial number of writ- 
ers suggested that the United States has 
a moral obligation to help other coun- 
tries. Paul Homan wrote, “The upward 
striving of the human race depends upon 
attitudes; and I do not think that a satis- 
factory state of civilization can be 
achieved in the United States so long as 
it entertains a tribal attitude toward the 
rest of the human race. . . . We have it 
in our power, with little sacrifice, to give 
them a fair fighting chance to improve 
their condition . . . one cannot be neutral 
toward the consequences of hugging all 
our mounting prosperity to our own 
breasts. Unless animated by the right 
spirit and administered with a view to 
moral obligations, there is a_ better 
chance that it will corrupt and demean 
us than the contrary” (13). 

Finally, a few writers urged foreign 
aid on the grounds that it would help 
the United States economy. But this ar- 
gument was usually placed last and often 
seemed to be thrown in as an “extra,” 
possibly to give the problem more of an 
“economic” aspect, or to placate those 
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who pride themselves on being “prac- 
tical.” 

The preponderance of invited as op- 
posed to contest papers in the “external” 
category requires some explanation. It 
probably reflects the fact that a large 
number (19) of the invited papers were 
contributed by foreign writers. Of this 
group no less than 12 discussed external 
problems. On the other hand, only two 
of the contest winners were from abroad: 
It also may be attributed in part to the 
wording of the contest invitation, with 
its emphasis on United States problems. 
Many entrants probably felt it safer to 
limit themselves to internal problems. 


Picture of Economics 


Thus do the essays sketch the prob- 
lems of American society at a crucial 
point in history. But they do something 
more than that; they also give us a pic- 
ture of the subject of economics, a pic- 
ture which is so strikingly different from 
the one portrayed in the graduate schools 
and the professional journals as to re- 
quire some comment. 

The past few years have witnessed 
many significant new developments in 
economic theory, especially in connec- 
tion with the application of mathematics 
to economic problems. Linear program- 
ming, game theory, and input-output 
analysis are among the best known of 
these advances. Great hopes have been 
engendered, both within and without 
the profession, that with this increased 
attention to new developments in mathe- 
matics, economics will become more 
scientific and more fruitful. As one in- 
terested mathematician has 


“ 


written, 
. classical mathematics has failed 
rather thoroughly to solve economic 
problems. Recent investigations of the 
type discussed here indicate that the 
fault may not lie in the mathematical 
approach itself, but in the type of math- 
ematics used” (/4). These hopes are 
undoubtedly shared by a great many 
mathematicians, scientists, and econo- 
mists, and have had considerable influ- 
ence on the direction of research and the 
training of young economists. They may 
be fulfilled with respect to certain kinds 
of problems, most notably those involv- 
ing planning for an individual firm, such 
as scheduling output mixes and input 
requirements, inventory control, and ne- 
gotiations with suppliers and customers. 
But with respect to the problems posed 
by most of the essays now under review, 





such hopes are bound to prove chimer- 
ical because they are based on a funda- 
mental misunderstanding of the nature 
of economics. 

As soon as we talk about freedom, 
justice, moral obligations, and values, 
we are in an area in which mathematics 
may help us to think more clearly but 
can never “solve” the problem. Let us 
admit at the outset that better theoreti- 


- ¢al models will never tell us whether we 


should or should not help the underde- 
veloped countries or even suggest the 
form that such assistance should take. 
Linear programming may be a great 
asset to the giant corporation but will 
never tell us whether the giant corpora- 
tion is, on balance, an assét’ to our so- 
ciety. And input-output tables are not 
likely to reveal how we can use our 
growing command over matter to free 
man for what has been called “leisure 
work”—the use of free time for creativ- 
ity in the arts, sciences, statesmanship, 
and religion. 

It may be said that these are not eco- 
nomic problems. But these surely are the 
problems which economists have tradi- 
tionally addressed themselves to. The 
greatest contributions of the past have 
been precisely those in which the nor- 
mative and positive aspects of the sub- 
ject have been inextricably entwined. In 
this respect economics is significantly 
different from the natural sciences, and 
no amount of mathematical rigor can 
erase this difference. To test this propo- 
sition we need merely examine the semi- 
nal works on the subject—for example, 
The Wealth of Nations, Das Kapital, 
Keynes’s The General Theory of Em- 
ployment, Interest, and Money. If we 
ask ourselves what would be left of these 
works if they were stripped of all except 
that which had scientific validity—that 
is, if they had been written under the 
same kind of restraints as are considered 
normal in scientific work—we can 
quickly appreciate this point. 

These essays, therefore, do more than 
suggest that Americans need to reexam- 
ine their goals, their values, and their 
institutions. They also suggest that econ- 
omists need to reexamine their own pro- 
fessional goals, research, and training 
lest they find themselves divorced from 
the crucial currents of our time. The 
papers are eloquent testimony to the 
proposition advanced by J. M. Clark, 
who wrote, “There are two worlds, the 
world of impersonal investigation of 
cause and effect, and the world of de- 
sires, ideals and value judgements. The 
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natural sciences deal with the first, ethics 
with the second . . . the peculiarity of 
economics is that it is called upon to 
bridge this gap” (15). 
References and Notes 
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Radioactivity of People 
and Milk: 1957 


Measurements of 2200 samples for cesium-137 and 


potassium-40 levels reveal interesting correlations. 


The investigations of the gamma ac- 
tivities of people and foodstuffs previ- 
ously reported for 1956 (1), made by 
means of a large 4x liquid scintillation 
counter (2), have been continued (3). 
During 1957, dried milk was routinely 
sampled from 31 locations within the 
continental United States, and a few 
spot checks were made on foreign milks. 
A total of 887 measurements were made 
on milk. Studies on people included 820 
determinations, mostly weekly measure- 
ments on a group of 14 control subjects, 
but 311 determinations on people from 
30 states were included. Measurements 
on a total of 518 samples of dried blood 
from nine states completed the program. 
The entire series of 2200 measurements 
occupied about 20 percent of the operat- 
ing schedule of the counter and was ac- 
complished by one full-time and one 
half-time technician (including the data 
processing). 

It is clearly impossible to present here 
a tabulation of all results or even to give 
the detailed graphs of activity versus 
time by states. The original data for 
1956, 1957, and part of 1958 are tabu- 
lated in HASL-42 (4). This article pre- 
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sents only the broad outlines of the 
results and indicates the principal cor- 
relations which are emerging. 

As before, simultaneous measurements 
of both potassium-40 and cesium-137 
were performed on all samples. The unit 
of measurement for the latter has been 
changed to micromicrocuries of cesium- 
137 per gram of potassium, to conform 
with general practice. Detailed gamma 
spectrum measurements made with the 
Los Alamos crystal spectrometer (5) 
have shown that these are the only sig- 
nificant gamma-emitting nuclides in this 
energy range normally present in people 
and milk. During periods of weapon 
testing, barium-140 appears prominently 
in milk, as previously reported (6), but 
we have not detected it in people. The 
electronic computation of the data, as 
now programmed does not take barium- 
140 into account, and barium-140 is 
treated as if it were potassium-40. Be- 
cause of the predictability of the potas- 
sium content of milk, it is feasible to 
calculate both barium-140 and cesium- 
137 from the data, and the programming 
is currently being revised to accomplish 
this. In the present article, however, all 
milk samples showing barium contami- 
nation are excluded from the average. 
The extent and duration of typical bar- 
ium-140 contamination are illustrated in 





8. L. Gulick, ibid., vol. 1, p. 320. 

9. A. Hansen, ibid., vol. 1, p. 328. 

10. N. H. Leonard, Jr., ibid., vol. 2, pp. 79, 80. 

11. G. Colm, ibid., vol. 1, p. 244. 

12. P. Drucker, ibid., vol. 1, pp. 15, 16. 

13. P. Homan, ibid., vol. 1, pp. 22-4. 

14. D. Gale, “Mathematics and economic mod- 
els,” Am. Scientist 44, 43 (1956) . 

15. J. M. Clark, “Economic means—to what 
ends?” in “The Teaching of Undergraduate 
Economics,” Am, Econ, Rev. Suppl. (Dec, 
1950), p. 36, 


Fig. 1, which shows the yearly data for 
fresh milk samples from New Mexico. 
(Several sources are represented in these 
samples. ) 

The absence of barium-140 in people 
is indicated by Fig. 2, which shows the 
cesium-137 and potassium-40 activities 
averaged over 14 control subjects meas- 
ured weekly. Barium-140 derived from 
the milk would have produced a rise in 
the apparent potassium-40 level (lower 
curve) during the summer months. The 
increase in cesium-137 level at this time 
reflects the corresponding increase in the 
milk supply. 

The presence of iodine-131 in either 
people or milk would not constitute an 
interference, since the low energy gamma 
ray does not fall in the spectral bands ac- 
cepted by the analyzers. The improved 
liquid scintillation counter now under 
construction will have additional energy 
channels for iodine-131 and for beta-ray 
bremsstrahlung. 


Results 


The frequency distribution of potas- 
sium-40 in the population sample is 
shown in Fig. 3. The average specific ac- 
tivity is 2.70 gamma rays per second and 
pound, corresponding to a potassium 
content of 1.98 grams per kilogram of 
body weight, or 139 grams of potassium 
in the 70-kilogram “standard man.” The 
standard deviation of the normal curve 
is 14 percent. The average is not signifi- 
cantly different from the 1956 result (1), 
but the deviation is slightly less (the 
previous figure was 18 percent) and 
there is no tail on the upper end of the 
distribution, probably a result of better 
control over surface contamination. 

The corresponding curve for cesium- 
137 is given in Fig. 4, The width of 36 
percent is identical with the 1956 value. 
The possible significance of the very small 
difference in the average values (44 and 
41 micromicrocuries of cesium per gram 
of potassium) is discussed below. 

The cesium-137 data for people as a 
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function of geographic location are given 
on the map (Fig. 5). In order to obtain 
statistically significant averages, the 
states were grouped regionally as indi- 
cated. To compare these data with those 
reported for 1956 (1), the latter cesium/ 
potassium ratios should be multiplied by 
80. Individual determinations are based 
on 200 seconds of counting time and, for 
the average subject, give a statistical pre- 
cision of better than +3 percent on the 
potassium-40 and better than +4 micro- 
microcuries per gram on the cesium-137. 
Because of the much larger variations 
among individuals, the precision of the 
average is limited by the number of sub- 
jects and the adequacy of the sampling. 
If the sampling is assumed to be random 
(this is probably not the case because 
of the frequency of family groups among 
the subjects), the precision of the re- 
gional population averages could be esti- 
mated by dividing the standard devia- 
tion of the population curve (Fig. 4) by 
the square root of the number of persons 
represented in the average. On this basis, 
many of the differences evident in Fig. 5 
are to be regarded as significant. 

The 1957 levels of cesium-137 in milk 
samples from various parts of the United 
States are given in Fig. 6. 

On the basis of the counting rate of a 
typical 50-pound NFDMS_ (Non-Fat 
Dry Milk Solids) sample and average 
background, the statistical precision re- 
sulting from 400 seconds of counting 
time for the sample and 400 seconds for 
the background is +0.51 percent for the 
potassiuin-40 and + 1.1 micromicrocuries 
per gram of potassium for the cesium- 
137 determination. A series of 21 de- 
terminations on a control milk sample 
over the period October 1957 through 
February 1958 gave an observed random 
scatter corresponding to a standard devi- 
ation of +0.87 percent for the potas- 
sium-40 and + 1.3 micromicrocuries per 
gram of potassium for the cesium-137. 
This indicates an error slightly larger 
than statistical for the potassium-40 and 
an essentially statistical error for the 
cesium-137. The results, of course, may 
reflect a considerably larger error on the 
absolute basis because of systematic er- 
rors in counter calibration, and so on. 

Sampling points are concentrated in 
the West in order to encircle the Nevada 
test site as completely as possible and to 
take advantage of the fact that the most 
extreme variations of altitude and rain- 
fall are to be found in this region. The 
1958 sampling network has been ex- 
panded in the eastern United States to 
better delineate the indications of struc- 


17 OCTOBER 1958 


ture in the fallout pattern there. The 
absence of data from the High Plains and 
the Southeast is a result of the difficulty 
of obtaining dry milk samples from these 
areas. 


The changes in levels of cesium-137 in 
the milk from a given locality through- 
out the year are indications of seasonal 
variation on which are superimposed 
transient peaks due to tropospheric de- 
bris from weapon tests. Data will be re- 
quired for a period of several years for 
the analysis of the seasonal factors, so the 
averages here reported are based on the 
entire year, with the exception of those 
periods during which the presence of 
barium-140 indicated tropospheric con- 
tamination. 

Only a limited number of foreign milk 
samples were analyzed in 1957, since the 





principal objective of the program was 
an intensive study of fallout mechanism 
rather than extensive monitoring. Single 
samples from England and Japan, re- 
spectively, both had a cesium-137 con- 
tent of 25 micromicrocuries per gram of 
potassium. Both were produced late in 
1956 and, while slightly lower in cesium- 
137 content, are not strikingly different 
from samples produced in the United 
States for this time. Five samples of dry 
milk from Argentina, produced in No- 
vember and December 1956, gave an 
average cesium content of 9 micromicro- 
curies per gram of potassium, with a 
range of from 4 to 12. These are defi- 
nitely lower than Northern Hemisphere 
values by a factor of about 4. Twelve 
monthly samples from Australia during 
1957 did not indicate such a large hemi- 
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Fig. 1. Gamma radioactivity levels in New Mexico milk during 1957. 
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Fig. 2. Data for control subjects (1957). 
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Fig. 3. Frequency distribution of potas- 
sium-40 activity in people (1957). 
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spheric effect, for they gave an average 
of 18 micromicrocuries per gram of po- 
tassium, compared with a range for sam- 
ples from the United States of 20 to 40 
for the same total rainfall. Because of 
seasonal and other fluctuations, care 
should be exercised in drawing conclu- 
sions from such a limited number of 
samples. 

It was hoped that the dried blood 
samples would provide a simple and eco- 
nomical method of checking the radio- 
activity of meat. Unfortunately, this has 
not proved to be the case. Since the ma- 
terial is destined for use as fertilizer or 
animal food, it is not prepared under 
the carefully controlled conditions em- 
ployed in the drying of milk and is sub- 
ject to external contamination during 
processing. This is evidenced by the er- 
ratic variations in the activity levels and 
by the presence of such fission products 
as zirconium-95 and cerium-144. The 
latter are absent from the flesh of cows, 
even animals that have grazed near the 
Nevada test site, whose rumens show 
comparatively high levels of these ac- 
tivities (7). For this reason, none of the 
dried blood measurements are reported 
here. 


Discussion 


There appear to have been no strik- 
ing changes in the cesium levels in hu- 
man beings between 1956 and 1957, In 
Fig. 7, the concentrations in various re- 
gions, averaged over 1956, are plotted 
against the 1957 averages. The variations 
do not seem to be significant in view of 
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Fig. 5. Map showing cesium-137 levels (micromicrocuries per gram of potassium) in 


people, by geographic location (1957). 
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Table 1. Observed and estimated changes 
in levels of cesium-137 in people in the 
United States. 











Caiculated 
Av. Cs according to 
Sal alternative 
Year (uc/g mechanisms 
K) Inte- Differ- 
grated ential 
1956 41+1.3 (41) (41) 
assumed assumed 
1957 4441.1 68 50 
Change ag I 27 9 





the small population sample available. 
The consistency suggests that a rather 
stable fallout mechanism is operating 
and that a more detailed analysis should 
help illuminate this mechanism. 

A more sensitive analysis for a possible 
temporal change is possible if the entire 
United States population average is con- 
sidered, because of the large sample size. 

The average cesium/potassium ratio 
in the United States population was 41 
micromicrocuries per gram during 1956 
and 44 micromicrocuries per gram in 
1957 (8). These averages were computed 
by first averaging over certain regions 
(shown on the map, Fig. 5) and then 
averaging the regions in order not to give 
undue weight to states such as New 
Mexico which are disproportionally rep- 
resented in the population sampis. The 
number of determinations was 134 in 
1956 and 207 in 1957, if the New Mexico 
sample is réduced to the same size as the 
samples from other regions. If the stand- 
ard deviation of the average of n de- 
terminations is assumed to be 1/n* 
times the observed standard deviation of 
the population distribution curve (36 
percent for both years), then the pre- 
cision of yearly averages would be 3.1 
percent and 2.5 percent, respectively. 
The difference between the two years is, 
therefore, 3 + 1.7. 

This difference can be compared with 
the increase expected on the basis of two 
extreme alternatives. First, assume that 
all the cesium in soil is unavailable to 
plants, so that the cesium is derived from 
direct fallout only. In this case, the ce- 
sium should vary as the fallout rate, and 
hence as the stratospheric inventory. The 
second alternative is that all cesium in 
the soil is available to plants, in which 
case the cesium in man should vary as 
the total integrated fallout. Intermediate 
cases are also possible. 

Strontium-90 values can be used for 
the fallout data, if it is assumed that 
there is no gross fractionation between 
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strontium and cesium in the fallout proc- 
ess. We will derive the ratio of the aver- 
age integrated fallout for 1957 to the 
average for 1956 from Libby (9). These 
data apply to Pittsburgh and are based 
on tub collection. Because of the 120-day 
biological half-life of cesium in man 
(10), the fallout averages are taken over 
the 1-year period beginning 3 months be- 
fore the calendar year for which cesium 
data were obtained. We find the 1956 
average cumulated fallout to be 11.3 
millicuries per square mile and the 1957 
average, 19.4 millicuries per square mile, 
aratio of 1:1.72. 

Similarly, the ratio of the average 
rates of stratospheric fallout in the two 
years can be estimated to be 1:1.23. Ta- 
ble 1 compares the observed cesium in- 
crease with that calculated on the basis 
of these alternatives. These results seem 
to indicate that direct fallout on the 
leaves of vegetation is the primary 
mechanism for cesium-137 entry into 
the biosphere; this is in agreement with 
the observed limited availability of soil 
cesium to plants. However, the result 
cannot be regarded as conclusive, since 
Langham and Anderson have shown 
(11) that the observed cesium levels in 
people are in fair agreement with those 
calculated on the assumption that up- 
take from soil is the route of entry. 

In Fig. 8, the cesium level in people 
is plotted against the cesium level in 
milk from the same areas for 1957. The 
intercept of this graph for no cesium in 
the milk indicates that about 23 micro- 
microcuries of cesium per gram of po- 
tassium are derived from a source other 
than milk. Since milk supplies about 38 
percent of the dietary potassium (/), 
the cesium/potassium ratio in the other 
source must be about 25 micromicro- 
curies per gram, not very different from 
the average for milk itself. Most of ‘the 
other major potassium sources are food- 
stuffs which are widely exchanged over 
the country (for example, meat, cereal 
products, citrus fruits), milk being 
unique in its localized consumption. 
Therefore, making a primary local cor- 
relation with milk is not unreasonable. 

The slope of the line in Fig. 8 is 0.7. 
If we use, again, the estimate that about 
38 percent of dietary potassium is from 
milk products, this slope indicates a 
discrimination factor, (cesium/potas- 
sium) man tO (cesium/potassium) min, Of 
1.8. The discrimination factor calculated 
from biological half-life ratios is 120 
days to 40 days (/), or about 3. The 
value deduced by Miller and Marinelli 
on the basis of the ratio of excretion to 
body burden is close to 2 (12). 
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Fig. 6. Map showing levels of cesium-137 (in micromicrocuries per gram of potassium) 
in milk samples from various parts of the United States (1957). 


It has been repeatedly suggested that 
the intensity of fallout should in some 
way be related to rainfall, since scaveng- 
ing by rain seems to be a very efficient 
process. Such an effect is, in fact, clearly 
evident in the milk data given in Fig. 6, 
particularly for the states of Washing- 
ton and California. We have, therefore, 
plotted the average cesium-137 content 
of milk during 1957 against total pre- 
cipitation (13), as shown in Fig. 9. The 
country divides rather sharply into two 
regions, each showing a positive correla- 
tion but with regression coefficients dif- 
fering by a factor of 2.6. A similar effect 
has been reported for strontium-90 in 
rainfall (14, 15). The two regions, as 
defined by the cesium data, are not sepa- 
rated by a parallel of latitude but rather 
appear to divide along a line running 
roughly from El Paso, Texas, northeast 
to Minneapolis, Minnesota, and thence 
east through the Great Lakes. Such a 
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Fig. 7. Levels of cesium-137 in human 
beings (1956 versus 1957). 


division may be explained on the basis 
of a general tropospheric circulation pat- 
tern. The region with a low ratio of 
cesium to precipitation is the area whose 
precipitation comes from the south or 
east, while in the other region the pre- 
vailing storm-track pattern is from the 
west or north. 


Conclusions 


The results of the past year’s opera- 
tions indicate that the measurement of 
cesium-137 is a very useful tool in the 
study of the fallout process. The internal 
consistency of the data suggests that the 
number of variables involved, while 
large, is not insuperably so. Given a mod- 
erate expansion of the sampling system 
and a few more years of operation, one 
can hope to isolate further the seasonal 
and meteorological parameters. If there 
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Fig. 9. Cesium in milk versus total precipi- 
tation (1957). 


should be a cessation of weapon testing, 
resulting in an uncontaminated tropo- 
sphere for a few years, one can expect 
to arrive at definitive data on the rate 
of stratospheric fallout. 

As more conservative calculations are 
proposed for possible long-term, low-fre- 
quency genetic effects, the importance 
of cesium-137 relative to strontium-90 in 
fallout is increasing. It is, therefore, more 
necessary than ever that adequate infor- 
mation on the present levels and their 
rate of change be available for cesium- 
137. In addition, the greater facility and 
economy with which the cesium and po- 
tassium determinations can be carried out 
argue for their greater use in the study 
of the strontium-90 problem. 

Low-level monitoring systems with ca- 
pacities of tens of thousands of samples 
per year will also be of the greatest im- 
portance in connection with the rapidly 
expanding power reactor programs. The 
British experience with contaminated 
milk after the Windscale incident em- 
phasized the importance of an alert, 
functioning system for emergency action. 
However, even in the absence of acci- 
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dents, the administration of the permissi- 
ble exposure levels requires detailed radi- 
ation studies in the vicinity of all reactors, 
both before and during operation, and 
sensitivity levels far enough below the 
maximum permissible concentrations of 
activity to give adequate advance warn- 
ing of possible danger. The psychological 
value of the reassurance provided the 
public by continued, detailed monitoring 
at the natural radiation levels may be as 
valuable in the long run as the use of 
the system to provide evidence for or 
against possible contamination in legal 
action involving third-party liability. The 
routine operation of the “Los Alamos 
human counter” for the past two years 
is evidence of the practicality of such 
systems. 


Summary 


The routine determination of cesium- 
137 and potassium-40 content of over 
2200 samples was accomplished through 
utilization of one-fifth of the potential 
capacity of the Los Alamos human coun- 
ter. Little change in the cesium-137 con- 
centration in people was observed from 
1956 to 1957, in spite of the increase in 
both the rate and the integrated levels 
of fallout. The correlation of levels in 
human beings with cesium levels in milk 
indicates a discrimination factor of 1.8 
in this step of the ecological transfer. 
Precipitation is shown to be an impor- 
tant factor determining the cesium con- 
tent of milk, but the lack of complete 
correlation indicates that a more de- 
tailed analysis is necessary. Contamina- 
tion of the troposphere during periods of 
weapon testing complicates the inter- 
pretation, as do seasonal variations. 
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News of Science 


Development of International Efforts to Avoid 


Contamination of Extraterrestrial Bodies. 


This month marks the first anniversary 
of man’s initial step into space. On 4 
October 1957, the Soviet Union, acting 
as a participant in the International 
Geophysical Year, placed the world’s 
first artificial satellite into orbit. The re- 
percussions of this launching and those 
that followed have been of the greatest 
significance in international relations, in 
education, and in science. A major scien- 
tific problem that came into being with 
the first satellite is that concerned with 
the contamination of celestial bodies by 
exploratory devices sent from the earth. 
It can be assumed that these bodies will 
be reached in the course of time. The 
problem that world scientists face is this: 
how to explore, and yet preserve for 
study, the physical and chemical struc- 
tures that obtain on the moon, in the 
first case, and, eventually, on the other 
celestial bodies. 


NAS Resolution 

The first major scientific body to give 
thought to this problem was the National 
Academy of Sciences of the United 
States, On 8 February 1958 the Council 
of the Academy adopted the following 
resolution: 

The launching of IGY satellites has 
opened space to exploration. Accord- 
ingly, attempts to reach the moon and 
planets can be anticipated, with reason- 
able confidence, within the foreseeable 
future. 

The National Academy of Sciences of 
the United States of America urges that 
scientists plan lunar and planetary stud- 
ies with great care and deep concern so 
that initial operations do not compromise 
and make impossible forever after criti- 
cal scientific experiments. For example, 
biological or radioactive contamination 
of extraterrestrial objects could easily 
occur unless initial space activities be 
carefully planned and conducted with 
extreme care. 

The National Academy of Sciences 
will endeavor to plan lunar or planetary 
experiments in which the Academy par- 
ticipates so as to prevent contamination 
of celestial objects in a way that would 
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impair the unique and powerful scien- 
tific opportunities that might be realized 
in subsequent scientific exploration. 

The Council of the National Academy 
of Sciences of the United States of 
America urges the Internaitonal Coun- 
cil of Scientific Unions to encourage and 
assist the evaluation of possibilities of 
such contamination and the development 
of means for its prevention. The Coun- 
cil of the Academy also requests the In- 
ternational Council of Scientific Unions 
to do whatever else it may to preserve 
and foster the unaffected potentialities 
of space research. 


Committee on Contamination by 
Extraterrestrial Exploration 

The International Council of Scien- 
tific Unions responded to the Academy 
of Sciences’ request by establishing a 
Committee on Contamination by Extra- 
terrestrial Exploration. This group, also 
known as CETEX, met at The Hague 
12-13 May 1958, with the following sci- 
entists as participants: Marcel Florkin, 
president; J. Résch, of the International 
Astronomical Union; P. Alexander, of 
the International Union of Biological 
Sciences; Donald J. Hughes, of the In- 
ternational Union of Pure and Applied 
Physics. M. Nicolet, of the Special Com- 
raittee for the International Geophysical 
Year, and P. Swings, of the Interna- 
tional Astronautical Federation Explora- 
tory Committee of the International 
Council of Scientific Unions, were ob- 
servers. 

The committee considered the prob- 
lem brought up by the National Acad- 
emy, and issued the following summary 
record of the meeting, which is, in effect, 
a fact sheet on the problem. 

The moon’s atmosphere. The moon’s 
atmosphere contains only a small amount 
of matter (estimates range from 10 to 
100 tons) and is therefore extremely vul- 
nerable to contamination. The release 
on the surface of any amount of volatile 
material within this range of magnitude 
such as might be given off from explo- 
sions of TNT for marking purposes is 
likely to alter the atmosphere for very 


long periods as it will probably take 
some years for the products to escape 
from the moon’s atmosphere. Another 
factor which a change in the lunar at- 
mosphere might bring about is an upset 
in the thermal equilibrium and careful 
computation will be required before the 
magnitude of this effect can be assessed. 
The possibility that the impact of a 
rocket vehicle may already be sufficient 
to alter the atmosphere by releasing 
trapped gases was rejected because the 
moon’s surface must occasionally be sub- 
ject to bombardment by heavy meteor- 
ites, 

The release of any chemical marker 
on the moon’s surface is therefore objec- 
tionable if it involves tons of material, 
and if it has to be done, a flare releasing 
material quite unlike that normally pres- 
ent in the lunar atmosphere should be 
used so that in subsequent investigations 
it can be clearly recognized as a con- 
taminant introduced by man. Both in 
this connection and because of increased 
ease in detection a flare produced by 
burning metallic sodium in chlorine or 
bromine should be considered. The so- 
dium D lines could be detected at low 
intensities if a monochromator is used to 
cut out scattered light of other wave- 
lengths. Probably the quantity of mate- 
rial required to be visible through a tele- 
scope, though not to the naked eye, 
would be insufficient to cause serious 
contamination of the atmosphere. Even 
so this type of flare cannot be accepted 
until the possibility has been ruled out 
that the ionization of the sodium atoms 
by releasing electrons would not disturb 
the “lunar ionosphere” which may be 
more susceptible than the lunar atmos- 
phere. 

Finally the moon’s atmosphere will al- 
most certainly be spoilt once measuring 
instruments are landed, since this re- 
quires deceleration which in the present 
state of the art would involve the release 
of chemical propellants in ton amounts. 

From the foregoing it is clear that de- 
tailed exploration can very easily spoil 
the lunar atmosphere which should, if at 
all possible, be studied in the initial 
phases by objects which circuit the 
moon. Priority should be given to such 
studies and the committee urges that no 
flares be lit until information about the 
atmosphere lias been obtained, or until 
it has been shown that an orbit suffi- 
ciently close to the moon cannot be at- 
tained. An accidental hit bv a vehicle 
which has failed to orbit would probably 
not be serious, since the moon’s surface 
must occasionally be subject to bombard- 
ment by heavy meteorites and the release 
of trapped gases by impact will not 
therefore cause a departure from natural 
conditions. 

Moon dust. The chemical composition 
of the dust on the moon’s surface is of 
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the greatest interest to a wide range of 
sciences. Knowledge of changes of com- 
position at different levels would also be 
informative but may be impossible to 
obtain since bombardment by meteorites 
is likely to keep the dust mixed. Dis- 
turbance of the dust by rocket impact is 
unlikely to be harmful, as in view of the 
low density of the lunar atmosphere the 
disturbed dust particles will fall out lo- 
cally and not travel all over the moon. 
For the same reason any contamination 
of the dust by space operations will be 
localized and will not prejudice future 
analytical work (but see the section “De- 
velopment of complex molecules” be- 
low), so long as no fusion or fission ex- 
plosions are carried out. 

The only serious danger of spoiling 
the moon’s dust will come from nuclear 
explosions. These will release volatile 
fission products (in the extreme vacuum 
of the moon even elements like stron- 
tium are likely to behave as gases) which 
will enter the moon’s atmosphere and 
will be rapidly distributed by diffusion. 
These radioactive atoms will be in a 
highly reactive form and on coming into 
contact with moon dust may form in- 
volatile compounds. In this way the 
whole surface of the moon may acquire 
additional radioactivity which may in- 
terfere with subsequent radiochemical 
analyses that could be of the greatest 
value in particular for problems relating 
to the past history of the moon. 

In this respect the explosion of a 
fusion device is likely to be more serious 
than that of a fission bomb since the 
former will give rise exclusively to vola- 
tile radioactive products, notably tritium, 
whereas the bulk of the volatile fission 
products are rare gases which will not 
combine with the moon dust. However 
the range of the small particles by which 
fission bomb activity is spread is likely 
to be very great on the moon and a seri- 
ous danger of contamination would un- 
doubtedly arise. 

Cosmic dust. The possibility that valu- 
able information concerning cosmic (i.e., 
interstellar and interplanetary) dust may 
be lost by disturbing the moon’s surface 
has been considered but is unlikely to be 
serious. This interesting material is 
known to consist largely of low atomic 
number elements such as hydrogen, car- 
bon, nitrogen and oxygen and many of 
the corresponding molecules will be vola- 
tilized by solar radiation. Hence only 
residues of high atomic elements will re- 
main on the moon and this material is 
no more informative than similar de- 
posits of interplanetary material which 
can be found at the bottom of the oceans. 

Panspermia hypothesis. The suggestion 
that moon dust might help in evaluating 
the hypothesis that dissemination of life 
in the cosmos occurred by transport of 
forms of life in the cosmic dust must be 
rejected for the same reason as that 


given in the section on “Cosmic dust” 
above—namely that solar radiation (in 
high vacuum) would decompose “bio- 
spores” just as it decomposes cosmic 
dust. Contamination by organic or living 
matter would therefore not be harmful 
in this connection although it must be 
avoided for another reason (see below). 

Contamination of the moon by living 
cells. There is no possibility that the 
introduction of cells such as spores or 
bacteria might give rise to life on the 
moon of the same type (i.e., containing 
deoxyribonicleic acid) as on earth which 
might confuse later investigators. There 
are no cells on earth which grow or mul- 
tiply in the absence of water and at the 
high vacuum of the moon no water can 
exist. 

Development of complex molecules. 
The basic problem concerning the origin 
of life is how complex molecules (on the 
earth they are based on carbon) came to 
be built up and become replicated. It 
is conceivable that the interior of the 
moon dust may provide some valuable 
clues in this direction. It is not beyond 
the bounds of possibility that some “pre- 
life” processes may be occurring on the 
moon and these may be similar to or dif- 
ferent from those which had taken place 
on earth. If there are such processes then 
the introduction of “foreign” macro- 
molecules from the earth may cause a 
serious upset in the lunar processes. The 
earth macromolecules may under lunar 
conditions act as templates and provide 
new foci for “prelife” growth. If such 
events were started indiscriminately all 
over the moon the pattern might be dis- 
torted, It is important to emphasize that 
living cells are not envisaged for this 
process and that in this connection a 
dead bacterium from an aseptic rocket 
would be as harmful as a live one. Ad- 
mittedly the occurrence of any such 
growth reactions is remote but the prob- 
lem is so important that we recommend 
that a simple precaution against en- 
dangering future studies is to limit the 
areas of landings on the moon and 
thereby to localize the effects—if any— 
of terrestrial templates. 

Contamination of Mars and Venus. 
The problems of reaching the planets are 
of the same kind as those involved in 
lunar exploration and objects will no 
doubt be sent there relatively quickly 
after the moon has been reached initially 
by circumnavigation, if our findings 
under the section “The moon’s atmos- 
phere” above are heeded. The danger of 
contamination of these planets is mainly 
biological since there is a reasonable 
probability that the conditions on Mars 
are such that some terrestrial organisms 
might grow. Water, nitrogen, carbon 
oxides and light for photosynthesis are 
all available. 

It is therefore of the greatest impor- 
tance that space vehicles should not land 


either accidentally or deliberately on 
Mars (and possibly also Venus) unless 
all precautions have been taken to ex- 
clude living organisms from them. Other- 
wise the most challenging of all plane- 
tary studies, that of extraterrestrial life, 
may be put in jeopardy. The same pre- 
cautions in regard to the development of 
complex molecules which have been 
dealt with in respect to lunar contami- 
nation in the paragraph above apply 
equally to both Mars and Venus. 

Although the relative extent of the 
contamination from a nuclear explosion 
would be very much smaller than in the 
case of the moon it may nonetheless be 
sufficient to interfere with detailed ra- 
diochemical analyses under certain con- 
ditions. Also the effect of introducing 
radioactivity on another planet where 
there may be entirely differetnt levels of 
background radiation from those found 
on earth could greatly influence any 
form of life found there. Although the 
objections against nuclear explosions on 
Mars and Venus may not be as com- 
pelling as in the case of the moon, they 
are nevertheless well justified until more 
information is available. 





























































































































Recommendations 


During the first days of this month the 
eighth General Assembly of the Inter- 
national Council of Scientific Unions 
met in Washington, D.C. Under its aegis, 
the recommendations of the CETEX 
members were made public. They are as 
follows: 

CETEX believes that there is a real 
danger that exploration attempts made 
within the next few years may produce f 
contamination of extraterrestrial bodies 
which would complicate or render im- 
possible more detailed studies, when the 
technological problems of landing sensi- 
tive scientific instruments on the moon 
and planets have been solved. 

CETEX is only concerned with genu- 
ine exploration intended to provide bona 
fide scientific data. Here there may be a 
conflict, because an experiment essential 
for one purpose may make it impossible 
for other types of studies to be made 
subsequently (e.g., the explosion of a 
nuclear device to provide seismic data 
on the interior of the moon or of the 
planets might make subsequent radio- 
chemical analysis meaningless) . 

CETEX has considered various dan- 
gers of contamination in outline, but did 
not have at its disposal sufficient scien- 
tific and technological data to enable it 
to propose a specific code of conduct, 
which should achieve a reasonable com- 
promise between the perfectly proper 
ambition to start lunar—and_ possible 
planetary—exploration at the earliest 
moment and the need to safeguard fu- 
ture research, 

CETEX feels that such a code of con- 
duct must be drafted with the minimum 
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of delay. It proposes to the ICSU that 
interested and expert parties be asked 
by the national members of ICSU to 
prepare detailed papers bearing on the 
topics raised in this initial report; and 
that thereafter these papers be made 
available to it for a second meeting be- 
fore the end of 1958, at which detailed 
recommendations can be prepared with 
the aid of advisory experts. 


Nuclear Explosion Detector 


During this month a new type of seis- 
mograph, believed to be capable of de- 
tecting nuclear blasts anywhere in the 
world, will receive intensive tests to de- 
termine its effectiveness. The device is 
the long-period seismograph, capable of 
recording shock waves with an interval, 
or period, of a minute or more. 

An effort is being made to install as 
many of the new instruments as possible 
before the completion of the current 
series of nuclear tests in Nevada, 31 Oct. 
To aid in the testing of the new device, 
the Atomic Energy Commission has an- 
nounced the precise times and locations 
of 15 nuclear explosions. Of ten set off 
in the Marshall Islands in 1954 and 
1956, nine were visible on recordings 
made at the Lamont Observatory. Of five 
shots in Nevada last year, three were re- 
corded. 

Scientists from East and West, meeting 
in Geneva, recently agreed that long- 
range detection of nuclear blasts was 
feasible. The long-period seismograph 
may prove to be one of the favored de- 
vices for an international monitoring sys- 
tem. The United States has announced 
it is willing to suspend tests on 31 Occt., 
provided other powers suspend theirs. 


Multiple Birth Roster 


The New York City Department of 
Health has established a “Multiple Birth 
Roster.” The roster is intended to be a 
source of information for research work- 
ers in genetics, child development, and 
other fields. The department will cooper- 
ate with researchers to supply them with 
some data which may be helpful to them 
to initiate genetic studies. 

All multiple births involving at least 
two live infants are included in the ros- 
ter. All the identifying, demographic, 
and pregnancy information available on 
the birth certificate of each infant is 
punched on a tabulating card. A photo- 
static copy of the complete record of 
birth is also in the register, so that details 
not available on the punched card may 
be conveniently abstracted. The roster 
will be kept up-to-date in three respects: 
adoption of a child, death during the first 
year of life, and data fed back to the 
roster by the individual researcher. The 
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roster was initiated as of 1 January 1958 
and will be continued indefinitely. At a 
later date an evaluation will be made to 
determine whether its usage by research- 
ers warrants its continuation. 
Researchers requesting information 
from the roster will be expected to ad- 
here to such requirements as the depart- 
ment may deem necessary. All requests 
will be reviewed as to the qualifications 
of the investigator and the value of the 
proposed study. Investigators may be 
asked to allocate clerical staff to assist 
in selecting the data requested. Facts 
elicited by home interviews or abstract of 
records, or both, are to be made avail- 
able by the researcher to other research- 
ers to avoid duplication of effort. 
Formal requests should be submitted 
to Dr. Harold Jacobziner, Assistant Com- 
missioner for Maternal and Child Health 
Services, New York. City Department of 
Health, 125 Worth Street, New York 13. 


Princeton Archeologists 


A team of archeologists from Prince- 
ton University has exhumed a large 
treasure of artifacts in the Serra Orlando 
region of Sicily. The team, working for 
the past four summers near the town of 
Aidone, has found a number of life-sized 
human busts, pieces of pottery, a stone 
offertory box, and many terra cotta fig- 
ures. Some of the objects date from the 
sixth century B.c. 

Aidone, once a fortified inland Greek 
settlement known as Morgantina, flour- 
ished from 600 to 20 B.c., when it dis- 
appeared from the pages of recorded his- 
tory. 

The archeological team’s prize discov- 
ery, a red figured wine and water vessel, 
was reconstructed from many shards. 
Pieced together, it is about 16% inches 
in diameter and has a neck decorated 
with a combat scene between Hercules 
and the Amazons and a depiction of a 
symposium. 

The excavating project, which is sup- 
ported by funds from the Bollingen 
Foundation, the university, and several 
Princeton alumni, will be resumed next 


spring. 


NASA Receives Assignments 


The new Aeronautics and Space Ad- 
ministration has been assigned a number 
of projects heretofore controlled by the 
Department of Defense. For the time 
being the shift of control will be mainly 
administrative, with the Defense Depart- 
ment continuing to operate the programs. 
The programs involved are Project Van- 
guard, the program for four lunar probes 
of the Advanced Research Projects 
Agency, three satellite projects, also for- 
merly under ARPA, and a number of Air 





Force research projects concerned with 
nuclear rocket engines, fluorine engines, 
and a 1-million-pound-thrust, single- 
chamber engine. 

NASA will have control over all space 
projects that are not primarily military 
in nature. Funds for nonmilitary projects 
that had been under the Defense Depart- 
ment have been transferred to the new 
agency. 


Proposals for International 
Atomic Energy Agency 


An international research program on 
the peaceful uses of atomic energy, to 
be supported by the United States, was 
suggested last month by the chairman 
of the Atomic Energy Commission. At an 
international atomic agency conference 
in Vienna, John A. McCone, of the U.S. 
Atomic Energy Commission, said that 
under the program, if it is accepted, the 
United States would assign specific re- 
search projects to the agency. In turn, 
the agency would hand the projects out 
on a contract basis to scientific teams 
throughout the world. Addressing the 
conference of 400 delegates, McCone 
said: “My government believes that 
there exists throughout the world today 
a wealth of scientific and technical com- 
petence which is not being brought fully 
to bear on the development of the peace- 
ful uses of atomic energy.” 


News Briefs 


The violent hurricane Helene which 
hit the North Carolina coast last month 
carried a balloon-borne radio beacon in 
its eye for some part of its sweep toward 
the coast. The beacon, devised by the 
Weather Bureau for more accurate track- 
ing of such storms, was dropped from an 
Air Force B-50. It was a test device 
which carried batteries good for only 24 
hours. Signals were heard for at least 2 
hours after the drop by a monitoring 
aircraft. 

oe 

On 26 September the Navy fired a 
full-sized 20-inch Vanguard satellite into 
space, but a failure, suspected to have 
occurred in a directional gear box, kept 
it from going into orbit. It was the sev- 
enth launching in the Vanguard pro- 
gram, and the sixth failure. The satellite, 
weighing 22 pounds, contained a scan- 
ning device to measure the distribution 
of clouus covering the earth. 

* * * 


It was reported at the Air Force Asso- 
ciation’s Dallas meeting last month that 
the Air Force’s Thor, an intermediate 
range ballistic missile, has been selected 
over the Army’s Jupiter to be this coun- 
try’s mass-produced IRBM weapon. It 
was said that a decision had been reached 





to turn out two or possibily three squad- 
rons of Jupiters at the most. All other 
squadrons of the nuclear armed 1,500- 
mile range missiles will be Thors. Pro- 
duction of the Jupiter weapon, however, 
will continue for an indefinite time. 

* * ¢ 

The Atomic Energy Commission is in- 
viting proposals for the development, de- 
sign, construction, and operation within 
the United States, including its terri- 
tories and possessions, the Canal Zone, 
and Puerto Rico, of a gas-cooled, graph- 
ite-moderated, nuclear power plant of 
sufficient size to serve as an effective 
prototype for a future full-scale power 
plant of similar design, The invitation is 
extended to individual organizations or 
groups of organizations representing pri- 
vately, publicly, or cooperatively owned 
power groups, and to equipment manu- 
facturers, or others. Proposals must be 
received by the commission within 60 
days from 22 September 1958. 

* @ #@ 

An x-ray unit that will permit physi- 
cians to examine the heart at work on 
an 8-inch television screen was demon- 
strated in Washington last month. The 
unit, called a specialized cardiological 
table, makes fluoroscopic examination 
for possible heart diseases easier, faster, 
and safer. The device, developed after 
3 years of research, substantially dimin- 
ishes the amount of radiation a patient 
is subjected to. An integral motion pic- 
ture camera aliows more detailed study 
of the heart after the initial exposure to 
the x-rays. 

* * 

The Smithsonian Institution has an- 
nounced a new booklet, Anthropology as 
a Career, that describes the major sub- 
divisions of anthropology and offers ad- 
vice on courses and outside activities for 
high school and college students who 
intend to specialize in the subject. The 
booklet, which was prepared by Wil- 
liam G. Sturtevant, may be obtained for 
20 cents from the Editorial and Publi- 
cation Division, Smithsonian Institution, 
Washington 25, D.C. 

* * * 

A radar with a 1000-foot dish antenna 
is being designed by Cornell University 
scientists. Two sites are being considered 
for the instrument, One is a limestone 
sink in Puerto Rico. The other is a simi- 
lar formation in Texas. The radar unit, 
which should be completed by the spring 
of 1961, is to be used to obtain space 
data which once seemed accessible only 
to artificial satellites. 

&  & % 

The Public Health Service reports 
that the number of people in the United 
States without ready access to general 
hospitals has dropped from 10 million 
to 2.8 million since 1948. Even in the 
most rural areas only a small percentage 
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of the population is now without nearby 
hospital facilities. 

This and other evidence of progress in 
hospital planning and construction, as 
well as needs for other types of health 
facilities, are shown in a new PHS pub- 
lication, The Nation’s Health Facilities 
—Ten Years of the Hill-Burton Hospital 
and Medical Facilities Program, 1946- 
1956. 

* * * 

With the opening of the 1958-59 
school year, seven panel trucks left the 
American Museum of Atomic Energy to 
begin the fourth year of the Atomic En- 
ergy Commission’s high-school demon- 
stration program “This Atomic World.” 
This year’s schedule will bring the pro- 
gram to 1069 schools in 15 states before 
the end of the-school year. 

* * * 

The North Carolina Engineering Foun- 
dation has announced plans to finance 
the establishment of seven distinguished 
professorships in the School of Engineer- 
ing at North Carolina State College. 
This will enable the college to provide 
substantial supplements to the state sal- 
ary scale for the employment of a core 
of outstanding engineering educators. 

* * * 


The captain and 16 engineers of the 
world’s first nuclear-powered merchant 
ship, the Savannah, have begun training 
for the posts they will assume when their 
ship makes her maiden voyage early in 
1960. The group will study at the Ma- 
rine Reactor Training School in Lynch- 
burg, Virginia. The Babcock and Wilcox 
Company, builders of the Savannah’s re- 
actor, will conduct the school. The train- 
ing period, to qualify the engineers to 
operate the ship’s 74,000-watt power 
plant, will be 15 months in length. 


Scientists in the News 


RICHARD COURANT has retired 
as scientific director of New York Uni- 
versity’s Institute of Mathematical Sci- 
ences and head of the _ university’s 
mathematics department to become pro- 
fessor emeritus of mathematics and sci- 
ence adviser to the university. Courant 
joined N.Y.U. from Géttingen Univer- 
sity in Germany, where from 1920 to 
1933 he was professor of mathematics 
and director of the Mathematical Insti- 
tute, at that time a world-recognized 
center for mathematics. He has been 
head of the department of mathematics 
at N.Y.U.’s Graduate School of Arts and 
Science since 1934, and scientific direc- 
tor of the Institute of Mathematical Sci- 
ences, the largest mathematics center in 
the United States, since its creation in 
1953. 

In July, for his “outstanding contribu- 
tions” during and since the war, Courant 








received the Navy Distinguished Public 
Service Award. This year Courant also 
received three honorary doctor-of-science 
degrees—from New York University, 
Case Institute of Technology, and the 
Technische Hochschule in Aachen, Ger- 
many. In 1955 the Technische Hoch- 
schule in Darmstadt, Germany, conferred 
the honorary degree of doctor of engi- 
neering. 

New York University honored Courant 
earlier with the establishment at the 
university of the Richard Courant lec- 
tureship in mathematical sciences. This 
was announced last January during a 
convocation for the eminent mathemati- 
cian on the occasion of his 70th birthday. 

Courant is a member of the Royal 
Netherlands Academy of Science and 
Letters, the Academia Nazionale dei 
Lincei (Rome), the Akademie der Wis- 
senschaften (G6ttingen), and the Na- 
tional Academy of Sciences and the 


American Philosophical Society in the’ 


United States. 


CEDRIC W. M. WILSON of the de- 
partment of pharmacology and general 
therapeutics, University of Liverpool, 
England, has been awarded a Medical 
Research Council traveling fellowship 
for a year to work at the National Heart 
Institute, Bethesda, Md. 


EDWIN M. McMILLAN, Nobel lau- 
reate and professor of physics at the 
University of California, has been ap- 
pointed director of the university’s Ra- 
diation Laboratory to succeed the late 
ERNEST. O. LAWRENCE, Nobel 
Laureate and inventor of the cyclotron. 
McMillan, an associate director of the 
Radiation Laboratory since 1954, is a 
member of the General Advisory Com- 
mittee of the Atomic Energy Commis- 
sion. He and Glenn Seaborg shared the 
Nobel prize in 1951 for their work on the 
transuranium elements. McMillan also 
is the discoverer of the theory of phase 
stability, which paved the way for pres- 
ent research in ultrahigh energy physics. 


WILLIS C. BEASLEY, director of 
the Biophysics Research Laboratory, 
Bethesda, Md., and director of the Kine- 
siology Laboratory, Elizabeth Kenny 
Institute, Minneapolis, Minn., received 
the gold medal of the American Con- 
gress of Physical Medicine Rehabilita- 
tion for his scientific exhibits on ‘“Onto- 
genetics and Biomechanics of Ankle 
Plantar Flexion Forces” at the congress’ 
meeting in Philadelphia on 28 August. 


ROBERT SIMHA, well know in the 
high-polymer field, will serve as visiting 
professor of chemistry at the University 
of Southern California for the academic 
year 1958-59. 
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Three major awards will be pre- 
sented during the 40th annual meeting 
of the American Society for Metals, 
which will take place in Cleveland, 
Ohio, 27-31 October. ALBERT J. 
PHILLIPS, vice president and director 
of research, American Smelting and Re- 
fining Company, South Plainfield, N.J., 
will receive the society's Gold Medal; 
CRAWFORD H. GREENEWALT, 
president, E. I. DuPont de Nemours & 
Company, Wilmington, Del., is to re- 
ceive the Medal for Advancement of 
Research; and WILLIAM G. PFANN, 
physical metallurgist, Bell Telephone 
Laboratories, Inc., Murray Hill, N.J., 
will receive the Albert Sauveur Achieve- 
ment Award. 


RALPH H. WETMORE of Harvard 
University will discuss “Morphogenesis 
in Plants—A New Approach” as a 
Sigma Xi national lecturer at a number 
of colleges and universities during Octo- 
ber and November. 


OLGA LAKELA, after serving for 26 
years as a teacher of biology in schools 
of North Dakota and Minnesota and for 
15 years as professor of botany and cura- 
tor of the herbarium at Duluth State 
Teachers College and the Duluth 
Branch of the University of Minnesota, 
retired as professor emeritus on 15 June 
1958. 


The Institute for Cancer Research, 
Philadelphia, Pa., has announced the for- 
mation of a Scientific Advisory Commit- 
tee that consists of the following men: 
RENATO DULBECCO, professor of 
biology, California Institute of Tech- 
nology; DAVID R. GODDARD, pro- 
fessor of botany and director of the divi- 
sion of biology at the University of 
Pennsylvania, and professor at the 
Rockefeller Institute, New York; ALEX- 
ANDER HADDOVW, professor and di- 
rector, Chester Beatty Research Institute, 
London, England; ALBERT L. LEHN- 
INGER, professor and director, depart- 
ment of physiological chemistry, Johns 
Hopkins School of Medicine; and JON- 
ATHAN E. RHOADS, professor of sur- 
gery and surgical research, and provost, 
University of Pennsylvania. 


The American Society for Horticul- 
tural Science has made the following 
awards for 1958: Leonard H. Vaughan 
Award in floriculture, J. P. NITSCH, 
Cornell University, “Growth Responses 
of Woody Plants to Photoperiodic Stim- 
uli”; Leonard H. Vaughan Award in 
vegetable crops, IRVING L. EAKS and 
LEONARD L. MORRIS, University of 
California, Davis, “Deterioration of Cu- 
cumbers at Chilling and Non-Chilling 
Temperatures”; Charles G. Woodbury 
Award in raw products research, E. L. 
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PROEBSTING, Jr., G. H. CARTER, 
D. W. INGALSBE, and A. M. NEU- 
BERT, Washington State College, Pull- 
man, “Relation between Leaf Nitrogen 
and Canning Quality of Elberta 
Peaches”; Joseph Harvey Gourly Award, 
L. P. BATJER, H. D. BILLINGSLEY, 
M. N. WESTWOOD, and B. L. ROG- 
ERS, U.S. Department of Agriculture, 
Wenatchee, Wash., “Predicting Harvest 
Size of Apples at Different Times dur- 
ing the Growing Season.” 


MALCOLM M. RENFREW will 
return on 11 February 1959 to his alma 
mater, the University of Idaho, to be- 
come professor of chemistry and head 
of the department of physical sciences. 
Renfrew, who has been director of re- 
search and development for Spencer Kel- 
logg & Sons, Buffalo, N.Y., since 1954, 
and has served in similar capacities for 
DuPont and General Mills, will succeed 
WILLIAM E. CONE as department 
head. Cone, a member of the faculty for 
34 years, will relinquish his administra- 
tive duties but will continue as_pro- 
fessor of chemistry. 


The Leidy Medal of the Academy of 
Natural Sciences of Philadelphia has 
been awarded to HERBERT B. HUN- 
GERFORD, professor emeritus of ento- 
mology, University of Kansas. The 
medal, which will be presented at a 
ceremony in the academy on 23 Octo- 
ber, is given every 3 years for “the best 
publication, exploration, discovery or 
research in the natural sciences.” Hun- 
gerford’s research has been devoted to 
the ecology and biology of water in- 
sects. He is a world authority on the 
taxonomy of certain aquatic families. 


Vanderbilt University School of Med- 
icine is holding symposia on Nutrition 
in Internal Medicine and on Medical 
Education in honor of JOHN B. YOU- 
MANS, 4-5 December. 


FRANK A. BEACH, Jr., formerly of 
Yale University, and M. BREWSTER 
SMITH, formerly of New York Univer- 
sity, have joined the faculty of the Uni- 
versity of California as professors of 
psychology. Beach is a specialist in ani- 
mal behavior and the relation of hor- 
mones and the nervous system to be- 
havior. Smith, a social psychologist, has 
made contributions in the investigation 
of attitudes and personality. 


JOSEPH MIGLIARESE has been 
named head of the Colgate—Palmolive 
Company’s new Laboratory for Biologi- 
cal Research, which is located adjacent 
to Rutgers University at New Bruns- 
wick, N.J. Migliarese, formerly on the 
Rutgers staff, has been with Colgate for 
3 years. 





JOSEPH W. LONDEREE has been 
appointed research manager of the new 
glass refractories department in the 
Ceramic Research Laboratory of Cor- 
ning Glass Works, Corning, N.Y. He has 
been a member of the research staff of 
Corhart Refractories Company, Inc., a 
wholly owned subsidiary of Corning. 


MORRIS E. FRIEDKIN, associate 
professor of pharmacology at the Wash- 
ington University School of Medicine, 
has been appointed professor and chair- 
man of the department of pharmacol- 
ogy at the Tufts University School of 
Medicine. He will succeed BYRON B. 
CLARK, who has resigned after 10 
years to join a midwestern pharmaceuti- 
cal firm. 


Science Service, Washington, D.C., 
has announced two new staff appoint- 
ments. RALPH SEGMAN, formerly 
science editor of Employee Communi- 
cations at Eli Lilly and Company, is 
news editor, succeeding HOWARD 
SIMONS, on leave in order to accept 
a Nieman fellowship at Harvard Uni- 
versity. 

DOROTHY SCHRIVER is execu- 
tive secretary of Science Clubs of Amer- 
ica, a Science Service activity, and she 
has also been designated coordinator of 
the National Science Talent Search for 
the Westinghouse Science Scholarships 
and Awards, administered by Science 
Service. Mrs. Schriver has been associa- 
ted with Science Service since 1941. She 
succeeds MARGARET PATTERSON, 


who has resigned. 


A. M. RABINER has been named 
professor emeritus of neurology at the 
State University of New York Down- 
state Medical Center in Brooklyn. A 
member of the center’s faculty since 
1937 when it was still the Long Island 
College of Medicine, Rabiner retired 
as professor and head of the division of 
neurology on 31 August. On the same 
date he retired as director of neurology 
at the Kings County Hospital. 


Three British scientists received 
John Price Wetherill Medals from the 
Franklin Institute on 15 October “for 
their basic developments which provided 
the first useful highpower pulsed micro- 
wave magnetron, and which established 
the fundamental principles upon which 
all later developments in this field were 
based.” The recipients were JOHN T. 
RANDALL, Wheatstone professor of 
physics at the University of London, 
King’s College; HENRY A. H. BOOT, 
a senior principal scientific officer at the 
Services Electronics Research Labora- 
tory, Baldock; and JAMES SAYERS, 
professor of electron physics at the Uni- 
versity of Birmingham. 








Book Reviews 


Naven. A survey of the problems sug- 
gested by a composite picture of the 
culture of a New Guinea tribe drawn 
from three points of view. Gregory 
Bateson. Stanford University Press, 
Stanford, ed. 2, 1958. xix+312 pp. 
Illus. + plates. $6. 


When Naven first appeared, in 1936, 
it had a mixed reception. Some praised 
it as a new departure in anthropological 
method and theory, others damned it as 
bad ethnography or ridiculed it as pre- 
tentious nonsense. Its reissue, in 1958, 
will probably cause much less stir—not 
because many of the methods and theo- 
retical matters it deals with are out of 
fashion but because they are now so fully 
in fashion and because they are now re- 
ceiving more systematic and articulate 
treatment by other authors. I am not 
well enough informed to know what part 
Naven played in introducing these fash- 
ions—Bateson has not been widely 
quoted or credited—but the fact re- 
mains that the book antedated by sev- 
eral years the present popular preoccu- 
pation with many of the matters it deals 
with. 

Naven is the native name for a cere- 
monial behavior pattern of the Iatmul 
people, who live on the Sepik River of 
New Guinea. Naven ceremonies are per- 
formed by adults in celebration of 
achievements of a sister’s child—such 
acts as homicide, the first killing of a 
food animal, the first planting of a yam, 
the first beating of a slit gong, and the 
like. Typically, the celebrants don cloth- 
ing of the opposite sex and show their 
respect to nephew or niece by various 
self-demeaning gestures. The book grows 
out of Bateson’s attempt to explain this 
behavior pattern in terms of other as- 
pects of Iatmul culture and, in so doing, 
to experiment with some new ways of 
thinking about ethnographic data. It is 
not designed to be a standard ethno- 
graphic report. This second edition of 
the work contains the first-edition text, 
unchanged and complete, together with 
a new 22-page postscript. 

Discarding the conventional institu- 
tional and functional approaches to eth- 
nographic presentation as inadequate, 
Bateson utilizes the following approaches 
(some of them. new, some of them bor- 


rowed) : 
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“1, Structural or ‘logical’ relationships, 
between the cognitive aspects of the vari- 
ous details of cultural behavior: the cog- 
nitive reason for behavior. 

“2. Affective relationships between de- 
tails of cultural behavior and the basic 
or derived emotional needs and desires 
of the individuals: the affective motiva- 
tion of details of behavior. 

“3. Ethological relationships, between 


the emotional aspects of details of cul-. 


tural behavior and the emotional em- 
phases of the culture as a whole. 

“4, Eidological relationships, between 
the cognitive aspects of details of cul- 
tural behavior and the general pattern- 
ing of the cultural structure. 

“5. Sociological relationships, between 
the cultural behavior of individuals and 
the needs of the group as a whole: the 
maintenance of solidarity, etc.” (pages 
29-30). 

In addition, the author acknowledges 
the value of two other approaches, de- 
velopmental psychology and economics, 
but omits use of them because of inade- 
quate data. 

In his chapters on “Structural rela- 
tionships” Bateson attempts ‘to account 
for the personnel and the kinds of trans- 
actions involved in a naven ceremony as 
logical manifestations of several general 
premises implicit in Iatmul culture. In 
this he specifically makes use of Rad- 
cliffe-Brown’s principle of identification 
[as exemplified in the latter’s article on 
the “Mother’s brother” in the South Afri- 
can Journal of Science 20, 542 (1924)], 
and although he stretches this kind of 
reasoning almost beyond the limits of 
credibility, this part of his analysis is 
interesting and readable. 

In his chapter on the “sociology” of 
naven—that is, on its effects upon the 
integration of Iatmul society—Bateson 
shows how the ceremony, occurring as 
it does between members of separate 
patrilineages, serves to maintain ties be- 
tween these types of social units, which 
might otherwise remain hostilely sepa- 
rate because of the absence of other 
integrative mechanisms (for instance, 
centripetal community political _hier- 
archies or repetitive marriages between 
specific patrilineages). Like the chap- 
ters on culture structure, this portion of 
the book is straightforward, noninno- 
vating, and on the whole plausible. 








Next, Bateson plunges into the formu- 
lation and exemplification of his con- 
cept of ethos, which he defines as “the 
expression of a culturally standardized 
system of organization of the instincts 
and emotions of the individuals” shar- 
ing a particular culture (page 118). 
Fortunately the terms of this definition 
are vague enough to allow the author 
wide leeway for his rich characterizations 
of the contrasting ethoses of Iatmul men 
and women—here again Bateson’s repor- 
torial skill escapes the strait jacket of 
his methodological experimentation. In 
fact, so vivid are some of his descrip- 
tions of Iatmul behavior that one can 
forgive him for his efforts (which he 
himself eventually deplores) to classify 
ethoses and relate them to Kretschmer- 
ian and psychiatric types. 

Perhaps the most interesting innova- 
tion to come out of Bateson’s treatment 
of ethos in his concept of “schismo- 


genesis” [‘‘a process of differentiation in . 


the norms of individual behavior result- 
ing from cumulative interaction between 
individuals” (page 175)]. Complemen- 
tary schismogenesis is said to occur 
when, for example, one person of an 
interacting pair becomes more and more 
assertive and the other more and more 
submissive, while symmetrical schismo- 
genesis is manifest in the behavior of 
two individuals who attempt to outboast 
one another. Again, Bateson displays 
much more skill in applying these labels 
to Iatmul behavior than he does in ex- 
tending their application to psychiatric 
patients, culture contact situations, and 
international armament rivalries—al- 
though it must be said that he makes a 
good case for some similarity among 
these diverse interactions. 

Bateson’s final approach to the study 
of Iatmul culture concerns its eidos— 
that is, a standardization of the cogni- 
tive aspects of the personality of the 
individuals sharing the culture (page 
220). One aspect of Iatmul eidos is said 
to be the great multiplicity and com- 
plexity of its ideas or assumptions, and 
with this goes the high value’ placed 
upon erudition (as opposed to rote 
memorizing). Other characteristics of 
Iatmul eidos are said to be intellectual- 
ity, a love of paradox (a sense of plural- 
ism along with a sense of monism, a 
sense of direct dualism (“that everything 
has a sibling”), a sense of diagonal dual- 
ism (“that everything has a symmetrical 
counterpart”), and patterns of thought 
which govern the seriation of individ- 
uals and groups (for instance, the iden- 
tity of alternate generations) (page 
285); 

Bateson was certainly not the first 
ethnographer to describe cognitive as- 
pects of nonliterate cultures, but he 
must be given credit for helping to re- 
vive this phase of ethnography and for 
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attempting to relate cognitive with other 
aspects of culture. 

The earlier edition of Naven closes 
with a chapter titled “Epilogue 1936.” 
In it the author describes with disarm- 
ing honesty and almost masochistic can- 
dor his shortcomings as a field ethnogra- 
pher and his flounderings as an analyst. 
We are presented with the picture of an 
inadequately trained young man dumped 
into an enormously complex culture— 
not knowing what or how to investigate. 
Some direction is said to have been pro- 
vided by a visit from two other ethnog- 
raphers (Margaret Mead and Reo For- 
tune) and by a reading of Ruth Bene- 
dict’s Patterns of Culture, but it is re- 
ported that the data first began to ac- 
quire form and meaning in the author’s 
mind after he left the field and began 
to read more widely in the social sci- 
ences. Quite aside from its other merits 
and demerits, the book is a fascinating 
slice of autobiography of a highly intel- 
ligent, sensitive, and creative individual 
whose influence upon his contemporaries 
would undoubtedly be much greater if he 
were able to communicate his ideas with 
a clarity equal to his creativity. 

Turning now to the final chapter 
(“Epilogue 1958”), the only new part 
of this second edition of Naven, one 
finds the theoretical positions of the book 
discussed in the light of modern devel- 
opments in cybernetics and communica- 
tion theory, fields with which Bateson 
has been closely associated for many 
years. In my opinion this epilogue adds 
little or nothing to the value of the book. 
It is not particularly useful to learn that 
those aspects of the naven ceremony 
which serve to keep” schismogenesis 
within controllable limits are analogous 
to “negative feed-back” mechanisms in 
machines and organisms. Nor is refer- 
ence to Russell’s theory of logical types 
quite essential for the fairly simple point 
the author wishes to elucidate. In fact, 
this postscript merely serves to empha- 
size the more irritating features of the 
original work and to obscure its very 
substantial merits, I shall continue to as- 
sign Naven to students of social anthro- 
pology—but not because of its theoret- 
ical formulations themselves (although 
some of these are useful), and not be- 
cause of the analogies it draws between 
human interaction and _ self-governing 
machines (although these are suggestive 
ideas), and-most certainly not as an ex- 
ample of how to present ethnographic 
data. Rather, I will recommend it as a 
unique and instructive effort, by a highly 
intelligent and creative fellow student, 
to record and make sense of behavior in 
an exotic society. 

Dovuctas OLIVER 
Department of Anthropology, 
Harvard University 
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General Zoology. Gairdner B. Moment. 
Houghton Mifflin, Boston, 1958. xii+ 
632 pp. Illus. $7.50. 

General Zoology. Claude A. Villee, War- 
ren F. Walker, Jr., Frederick E. 
Smith. Saunders, Philadelphia, 1958. 
xix + 877 pp. Illus. $7.50. 


In these two volumes, both written by 
men who have previously published suc- 
cessful texts of general biology at the col- 
lege level, wide divergence in approach 
is evident on almost every page. Moment 
uses the popular two-column format and 
appeals to the eye-minded with hand- 
somely presented photographs and dia- 
grams in abundance. Villee, Walker, and 
Smith use a single-column format for 
an intrinsically logical path through the 
same material, but with illustrations 
more compact, diagrammatic, and some- 
times a bit crowded. Yet, in total word- 
age, Moment’s book is only slightly 
shorter. 

Moment gets through general consid- 
erations of zoology and of chemical and 
living levels of organization rapidly 
enough to consider whole organisms by 
page 42. After full coverage of the Pro- 
tozoa through Ctenophora (in 80 pages), 
he digresses at length to take up repro- 
duction, embryology, genetics, and evo- 
lution (in 102 pages) and then returns 
for the rest of the animal phyla—consid- 
ering the styles of organization in each 
group, functional anatomy, ecology, and 
behavior. Further discussion is given to 
ethology, ecology, and conservation in 
the final chapters. Moment emphasizes 
current discoveries (for example Neo- 
pilina among the mollusks), ends each 
chapter with a list of review topics, and 
ends the book with a glossary. 

Villee et al. may assume a better sci- 
entific background for students using 
their book, since each subject is ana- 
lyzed from simple to complex, eventually 
reaching the recognizable organism. 
General considerations, including such 
details as the glycolytic cycle, meiosis, 
extraembryonic membranes, and mor- 
phogenesis, occupy the initial 147 pages, 
and animals, as such, are not introduced 
until page 148. Each group is handled 
in relation to a described type, with the 
frog as the central vertebrate. In conse- 
quence, many anatomical and _ physio- 
logical features are given triple consid- 
eration: (i) in the introductory material, 
(ii) in relation to specific phyla, 
and (iii) in a further discussion, extend- 
ing for 146 pages, following the conspec- 
tus of phyla. Genetics, evolution, ecol- 
ogy, and conservation are discussed in 
the final chapters. Essay-style examina- 
tion questions are provided at the end of 
each chapter, but a glossary was omit- 
ted deliberately. 

The Moment book stresses the liberal- 
arts approach for purposes of making a 





zoological contribution toward a gen- 
eral education; it bids informally for 
student interest and points to the rela- 
tionship between methodology, new dis- 
coveries, and economic applications. Its 
taxonomy seems modern, although some 
may be alarmed to find less familiar 
names for all insect orders (for exam- 
ple, Coleopteriformes, not Coleoptera). 
The text by Villee et al. should ap- 
peal to the dedicated, technical zoologist 
for whom the living animal as a going 
concern means less than the problems 
involved in its physical and chemical 
operation. That the Krebs cycle and re- 
lated phenomena are reached on page 73 
(in Moment’s book on page 520) is an 
indication of comparative emphasis. 
Lorus J. MILNE 
Marcery MILNE 
Department of Zoology, 
University of New Hampshire 


Heat Transfer. vol. II. Max Jakob. 
Technical and editorial assistance by 
Stothe Peter Kezios. Wiley, New 
York; Chapman & Hall, London, 
1957. xxxii+ 652 pp. Illus. $15. 


In volume I, the author treated the 
basic equations of heat transfer, thermal 
properties of matter, heat conduction, 
convection without phase change, and 
convection with phase change. In vol- 
ume II he takes up radiation, applica- 
tions to thermometry, heat exchangers, 
regenerators, cooling towers, falling liq- 
uid films, transpiration cooling, turbine 
blade cooling, high-speed boundary lay- 
ers, liquid metal heat transfer, and 
packed columns. There are also supple- 
ments to volume I. 

For each topic the author reviews the 
available references and calls attention 
to misprints and errors in early works. 
Time and again one finds a footnote 
indicating that in private communica- 
tion “Mr. X” has furnished the author 
with the correct derivation or data to 
replace the material previously pub- 
lished. 

The author had considerable experi- 
ence as an experimentalist, and he de- 
votes much space to suggestions for ex- 
perimental methods. 

It is doubtful that anyone except Max 
Jakob could have written this book. The 
treatment of each topic is exhaustive 
and at a high level. Jakob had an ex- 
tensive file of references, assembled over 
half a century of his professional life. 
The list of references for volume II 
occupies 19 pages. He was schooled in 
the European tradition, and his thor- 
oughness is apparent on every page. 

A few topics have been omitted: the 
Oppenheim network method for radia- 
tion calculations, new work on noniso- 





thermal convection and boiling, and the 
most recent work on boundary layer 
flows with dissociation or reactions. With 
the exception of these topics, all of 
which came into prominence just at the 
time of, or after, the author’s death, 
volumes I and II contain essentially ali 
the important fundamental material in 
the field of heat transfer. These deficien- 
cies are, however, insignificant when one 
views the total work. 

S. P. Kezios has preserved the author’s 
style and intent. We owe him a debt of 
gratitude for having completed this ex- 
cellent, up-to-date summary of the sci- 
ence and art of heat transfer. It will take 
its place in the list of classical treat- 
ments which every graduate student 
must study and master. Max Jakob left 
us his own monument. 

Myron Trisus 
College of Engineering, 
University of California, Los Angeles 


The Extra Pharmacopoeia. Martindale. 
vol. I. Published by direction of the 
Council of the Pharmaceutical So- 
ciety of Great Britain. Pharmaceutical 
Press, London, ed. 24, 1958 (order 
from Rittenhouse Book Store, Phila- 
delphia). xxx + 1695 pp. £3 5s. 


Although it is not well known in the 
United States, The Extra Pharmacopoeia 
has served for 75 years as a useful thera- 
peutic commentary on the official British 
Pharmacopoeia and British Pharmaceu- 
tical Codex. The new 24th edition con- 
tains information on well over 20,000 
drug preparations. The general arrange- 
ment is alphabetical, but drugs are 
grouped where possible. Thus, for ex- 
ample, under “quinine,” other antima- 
larials are also considered; in this in- 
stance the recording of names, doses, 
toxic effects, antidotes, contraindications, 
and uses requires about 30 pages. Short 
two- or three-sentence abstracts from the 
literature document many of the points. 

This useful and handy book deserves 
much wider acquaintance in America. 

Winpsor CuTTING 
Department of Medical Microbiology, 
Stanford University 


Organic Colloids. Bruno Jirgensons. El- 
sevier, Princeton, 1958 (order from 
Van Nostrand, Princeton, N.J.). xiv + 
655 pp. Illus. $16.95. 


The purpose of this book is to give an 
elementary, general survey of a border- 
line subject. The treatment is divided 
into two parts. The first 16 chapters give 
a cursory account of the physics and 
physical chemistry involved in preparing 
and studying organic colloids, together 
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with a modicum of their organic chem- 
istry. Deliberately, many of the physical 
equations are flatly stated, with little or 
no attempt made to show how they were 
derived, but, at the end of each chapter, 
excellent references to the literature are 
provided. A laudable feature, which 
might well be widely emulated, is the 
footnote on each odd-numbered page 
which guides the reader to these bibli- 
ographies. 

The next 18 chapters discuss selected 
groups of organic colloids, including 
macromolecular hydrocarbons and vinyl 
derivatives; linear and cross-linked poly- 
mers; various detergents, dyes, lipids, 
pigments, polysaccharides, proteins, and 
nucleic acids; and some _ biochemical 
topics, such as blood, milk, cells and 
tissues, and biocolloids in disease. In 
most instances, the chemical formulas 
are satisfactory, although double bonds 
are omitted from benzene rings and the 
Haworth (perspective) formulas for 
sugars have been shorn of their per- 
spective (without which they are always 
misleading and sometimes erroneous). 

This is essentially a reference book; 
it has a complete author index (16 
pages) and a general subject index (11 
pages). It should prove useful to those 
neophyte biophysicists and __ physical 
chemists who need an up-to-date out- 
line of the relevant organic chemistry; 
similarly, biochemists and organic chem- 
ists will find it a convenient source for 
the physical chemistry involved in this 
field. Although it cannot be regarded 
as a textbook, it could well serve for col- 
lateral reading. 

R. Stuart Tipson 
Division of Chemistry, 
National Bureau of Standards 


Mathematical Foundations of Informa- 
tion Theory. A. I. Khinchin. Trans- 
lated by R. A. Silverman and M. D. 
Friedman. Dover, New York, 1957. 
120 pp. $1.35. 


Dover Publications is to be congratu- 
lated on making this translation of two 
papers by an outstanding Russian au- 
thority on probability and statistics avail- 
able to Westerners unable to hurdle the 
language barrier. Both papers are largely 
expository, setting forth the work of 
Shannon and later results obtained by 
Feinstein and McMillan, along with 
some original work. The book is marked 
by rigor, elegance, and clarity, and the 
smooth-flowing text betokens an excel- 
lent job of translation. 

The first paper, “The entropy con- 
cept in probability theory,” is motivated 
by the idea that the entropy concept is 
destined to become a permanent part of 
probability and statistics and is con- 
cerned with its precise formulation and 


general mathematical properties. This is 
certainly one of the best places for a 
mathematically mature reader to get a 
sound introduction to information theory 
in a few pages (28). 

The second paper, “On the funda- 
mental theorems of information theory,” 
is a masterly presentation of the essen- 
tial mathematical content of modern in- 
formation theory, filling logical and 
mathematical gaps in previously avail- 
able treatments. While the level is per- 
haps too difficult for the average engi- 
neer, mathematicians, statisticians, theo- 
retical physicists, and information theo- 
rists will find the book perhaps the 
soundest discussion of foundations, and 
thus the most solid base for further 
development, available. 

Jerome RorHsTEIN 
Edgerton, Germeshausen, and Grier, 
Boston, Massachusetts 


The Senses. Wolfgang von Buddenbrock. | 


Translated by Frank Gaynor. Univer- 
sity of Michigan Press, Ann Arbor, 
1958. (First published as Die Welt der 
Sinne; ed. 2, Springer, 1953.) 167 pp. 
Illus. $4. 


This book is the latest number in the 
Ann Arbor Science Library. All of the 
titles that have appeared so far in this 
series are translations from the well- 
known German series of brief populariza- 
tions, Verstdndliche Wissenschaft, pub- 
lished by Springer-Verlag. 

Wolfgang von Buddenbrock is emeri- 
tus professor of zoology at the Univer- 
sity of Mainz. He has written several 
books on comparative physiology, in- 
cluding some popularizations. 

The book attempts to describe the 
role of the senses in animal and human 
behavior, drawing examples from a wide 
variety of species. The first part takes 
up general questions concerning all the 
senses; the second part has individual 
chapters on eight different senses. In the 
brief compass of the text there can be 
no attempt at completeness; material is 
selected for mention because it is im- 
portant or because it is intriguing. The 
presentation is simple, informal, and 
lively, and the reader who is unac- 
quainted with the field will undoubtedly 
pick up much information. 

Unfortunately, such a reader will pick 
up many errors as well. One striking 
case is due to the translation: “. . . we 

. confront the lowest with the highest 
when we compare the nervous system of 
an octopus with the inexplorable seat of 
the soul of man, his brain” (page 34). 
Here the German referred not to an 
octopus, which actually has a_ highly 
developed nervous system, but to “eines 
Polypen”—a coelenterate—which has a 
primitive nerve net. (The reader can de- 
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cide for himself whether the brain is the 
inexplorable seat of the soul.) 

Most of the inadequacies are found 
in the German as well as the English 
version. For example, the author states, 
“So we perceive the sensation known as 
‘black’ when no light impinges on our 
eyes” (page 86). It has long been known 
that black is perceived only through 
contrast, either spatial or temporal, be- 
tween more and less brightly illuminated 
areas. Thus, some illumination is re- 
quired if black is to be perceived. To 
give one more example, the author states 
that it has never been scientifically ex- 
plained how people can detect obstacles 
in the dark without physical contact 
(page 125). Several experimenters have 
demonstrated that hearing plays the 
largest part in such performance; thus 
human beings have some of the ability 
of the echolocating bats which von Bud- 
denbrock has described a little earlier 
(page 103). 

A useful index has been added in the 
translation, but there are neither refer- 
ences nor suggestions for further reading. 

Mark R. RosENzwEIG 
Department of Psychology, 
University of California, Berkeley 


Inorganic Syntheses. vol. V. Therald 
Moeller, Ed. McGraw-Hill, New York, 
1957. xiv +265 pp. Illus. $6. 


Inorganic Syntheses, volume 5, is a 
worthy addition to this useful series. It 
contains 63 numbered syntheses, many 
of them representing several compounds. 
Four volumes have now appeared since 
the war, at intervals of from 3 to 4 years, 
reflecting the continued activity in inor- 
ganic chemistry. 

The contents reflect current research 
interests. There are, for example, prepa- 
rations of several carbonyls and of car- 
rier-free [151, Rare-earth chemistry is 
well represented. A number of broadly 
useful reagents are found, including 
N,O,, HOCI, Co,(SO,),-18H,O, and 
BeCl,. Some procedures are merely im- 
provements on older ones. There also is 
a review of polyhalogen complex salts, 
followed by several preparations. 

The subject index and the formula in- 
dex include complete entries to all vol- 
umes in the series. The content of each 
volume is random because each pro- 
cedure is volunteered more or less inde- 
pendently of the others, but the cumu- 
lative effect leads to comprehensive cov- 
erage. For example, four binary phos- 
phorus halides are listed, but not more 
than two in any one volume. The for- 
mula index now contains upwards of 600 
compounds, so that the series is ap- 
proaching the more encyclopedic hand- 
books published in Germany a number 
of years ago. 
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The checking procedure continues to 
be a valuable feature. The checkers are 
always independent of the original con- 
tributors, their names are published, and 
frequently their suggestions for improve- 
ments are mentioned. 

I noted very few obvious errors in 
reading the text. It is unlikely that seri- 
ous chemical errors occur, simply be- 
cause so many hands have been on each 
procedure. The format seems overly con- 
servative, but it conforms with that of 
previous volumes and is useful. 

This book is highly recommended to 
any who have need of dependable pro- 
cedures for preparing inorganic com- 
pounds. 

C. E. Erickson 
School of Chemistry, 
Rutgers University 


Miscellaneous Publications 


(Inquiries concerning these publications should be 
addressed, not to Science, but to the publisher or 
agency sponsoring the publication.) 


Meteorological Utilization of Images of 
the Earth’s Surface Transmitted from a 
Satellite Vehicle. ASTIA-AD-146764. Ar- 
nold H. Glaser. 145 pp. Particle Size Dis- 
tribution in Rain and Snow Inferred from 
Z-R Relations. Meteorol. Radar Studies 
No. 7. ASTIA-AD-146765. Raymond 
Wexler. 8 pp. A System for Recording 
Eight Meteorological Elements Simultane- 
ously on Moving Film (Weatherlog). 
AFCRC-TN-58-227. G. K. Thompson. 
Meteorol. Radar Studies No. 8. 59 pp. 
Vertical Structure of Continuous Stream- 
er-form Precipitation. AFCRC-TN-58- 
401. Meteorol. Radar Studies No. 10. 
Raymond Wexler and David Atlas. Blue 
Hill Meteorological Observatory, Milton 
86, Mass., 1958. 38 pp. 

Study of Synoptic-dynamic Influences 
on the Nature of Cloud and Precipitation 
Echoes, October 1953-February 1958. 
AFCRC-TR-58244. Meteorol. Radar 
Studies, Final Report. 36 pp. Blue Hill 
Meteorological Observatory, Harvard 
Univ., Milton 86, Mass., 1958. 

Anthropology as a Career. William C. 
Sturtevant. 18 pp. Mississippian Fauna in 
Northwestern Sonora Mexico. Misc. Col- 
lections, vol. 119, No. 3. W. H. Easton, 
John E. Sanders, J. Brookes Knight, 
Arthur K. Miller. 96 pp. New American 
Paleozoic Echinoids. Misc. Collections, 
vol. 135, No. 9. Porter M. Kier, 26 pp. A 
Review of the Copepod Genus Ridge- 
wayia (Calanoida) with Descriptions of 
New Species from the Dry Tortugas, 
Florida. Proceedings of the U.S. National 
Museum, vol. 108. Mildred Stratton Wil- 
son. 42 pp. The Statistics of Meteors in 
the Earth’s Atmosphere. Contribs. to As- 
trophysics, vol. 2, No. 11. Gerald S. 
Hawkins and Richard B. Southworth. 16 
pp. Smithsonian Institution, Washington, 
1958. 

The Descent of Satellite 1957 Beta One. 
Spec. Rept. No. 15. Optical Satellite 
Tracking Program. 13 pp. Position of 
Satellite 1957 Beta One During the First 
100 Revolutions. Spec. Rept. No. 16. 22 


pp. Reports and Analyses of Satellite Ob- 
servations. Spec. Rept. No. 14. 43 pp. 
Smithsonian Institution, Astrophysical 
Observatory, Cambridge, Mass., 1958. 

The Self-Glazing Phenomenon Asso- 
ciated with Shales and Clays Containing 
Small Amounts of Soluble Salts. Bull. No. 
65. James T. Tanner. 21 pp. $1. A Tensile 
Impact Test for Plastics. Bull. No. 67. P. 
H. McDonald, Jr., and J. A. Edwards, 17 
pp. $1. Dept. of Engineering Research, 
North Carolina State College, Raleigh, 
1958. 

Admission Requirements of American 
Medical Colleges, Including Canada, 
1958-59. Compiled by Helen Hofer Gee 
and E. Shepley Nourse. Assoc. of Ameri- 
can Medical Colleges, Evanston, IIl., 1958. 
235 pp. $2. 

Applied Mechanics in Engineering. An 
inaugural lecture delivered at University 
College, London, 23 January 1958. R. E. 
D. Bishop. Lewis, London, 1958. 24 pp. 
2s. 6d. 

Atomic Energy Commission, Twenty- 
fourth Semiannual Report. U.S. Atomic 
Energy Commission, Washington 25, 1958. 
410 pp. 

The Advancement of Medical Research 
and Education Through the Department 
of Health, Education, and Welfare. Final 
report of the Secretary’s consultants on 
medical research and education. Office of 
the Secretary, Department of Health, 
Education, and Welfare, Washington, 
1958. 82 pp. 

A Bibliography of Avian Mycosis (par- 
tially annotated). Misc. Publ. 631. H. L. 
Chute and D. C. O'Meara. Maine Agri- 
cultural Experiment Station and Lederle 
Laboratories, Orono, Maine, 1957. 44 pp. 

Bibliography of the Arabian Peninsula. 
Eric Macro. Univ. of Miami Press, Coral 
Gables, Fla., 1958. 94 pp. 

Bibliography on Medical Electronics. 
Prepared by Medical Electronics Center 
of the Rockefeller Institute. Professional 
Group on Medical Electronics, Inst. of 
Radio Engineers, New York, 1958. 91 pp. 
$2.50. 

The Behavioral, Ecological and Mor- 
phological Characteristics of Two Popu- 
lations of Alder Flycatcher, Empidonax 
traillii (Audubon). Bull. No. 371. Robert 
Carrington Stein. New York State Mu- 
seum and Science Service, Albany, 1958. 
63 pp. 

The Butterflies of Mississippi. Studies 
in Zoology, vol. 6, No. 2. Bryant Mather 
and Katharine Mather. Tulane Univ., 
New Orleans, La., 1958. $1. 46 pp. 

Chloroplast Pigments and Chromato- 
graphic Analysis. Thirty-second annual 
Priestley lectures. Harold H. Strain. Phi 
Lambda Upsilon and associated depart- 
ments, Pennsylvania State Univ., Univer- 
sity Park, 1958. 180 pp. $2.50. 

Educators Guide to Free Slidefilms. 
Mary Foley Horkheimer and John W. 
Diffor. ed. 10. 205 pp. $6. Elementary 
Teachers Guide to Free Curriculum Ma- 
terials. Patricia H. Suttles, Ed. ed. 15. 318 
pp. $6.50. Educators Progress Service, 
Randolph, Wis., 1958. 

Forest and Range Influences Publica- 
tions, 1956-1957. Personnel of the Forest 
Service. U.S. Dept. of Agriculture, Wash- 
ington, 1958. 20 pp. 








Mucopolysaccharides of 
Costal Cartilage 


Probably no other connective tissue 
has been investigated more frequently 
than hyaline cartilage. From the time of 
Boedecker in 1854 to the present, this 
tissue has been used for the preparation 
of chondroitin sulfate. In recent years it 
has been used in studies of the native 
protein complexes of mucopolysaccha- 
rides (/) and on biosynthesis of the car- 
bon chain and the incorporation of ester 
sulfate (2). Meyer et al. have previously 
reported on the isolation of chondroitin 
sulfates from bovine tracheal cartilage 
and costal and sternal cartilage of new- 
born children (3). On the basis of opti- 
cal rotation and solubility of the Ca salts, 
the mucopolysaccharide fractions ap- 
peared to be mainly A (4-sulfate) with 
a minor C (6-sulfate) component (4). 

In this report (5), attention is called 
to the isolation of keratosulfate from 
costal cartilage in two cases of Marfan’s 
syndrome (for literature, see 6) and 
from two 23-year-old males with appar- 
ently normal skeletal development. 

Costal cartilage was obtained at au- 
topsy from two males age 33 and 44 with 
typical Marfan’s syndrome (7) who had 
died of ruptured aneurysm of the aorta 
and one 23-year-old male who had died 
suddenly after operation for removal of 
a brain tumor. The other died after an 
overdose of a drug. The cartilage was 
dissected free of extraneous tissue and of 
perichondrium and dehydrated in ace- 
tone. The air-dried tissue was homoge- 
nized in 0.1N HCl in a high-speed blen- 
der, digested with pepsin at pH 1.5 in 
the presence of toluene followed by tryp- 





Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. (Since this requirement has only 
recently gone into effect, not all reports that are 
now being published as yet observe it.) 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
ums of text) or to one 2-column table or to two 
l-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see ‘Suggestions to Contrib- 
utors” [Science 125, 16 (1957) ]. 
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tic digestion at pH 7.5. After deproteini- 
zation, the mucopolysaccharide fractions 
were obtained as calcium salts as de- 
scribed previously (3). 

The total mucopolysaccharide frac- 
tions isolated represented 11 and 12 per- 
cent of the dry weight of the cartilage 
in the two cases of Marfan’s syndrome 
and 16 to 18 percent for the controls 
(8). The former consisted of approxi- 
mately equa! quantities of chondroitin 
sulfate which was characterized as chon- 
droitin sulfate C by analysis, solubility, 
and infrared spectra and of keratosulfate 
which was identical in analysis, rotation, 
and infrared spectrum with that isolated 
from bovine cornea (9). The hexosamine 
of the keratosulfate fraction was identi- 
fied by paper chromatography as glucos- 
amine and isolated from one fraction as 
the crystalline hydrochloride ([a]p+ 
72°), and galactose was identified by 
paper chromatography, and as the crys- 
talline. o-methylphenyl hydrazone by 
melting point and infrared spectrum. 
The controls yielded chondroitin sulfate 
and keratosulfate in a ratio of 2.5 to 1 
instead of the 1 to 1 ratios in the Mar- 
fan’s syndrome (8). 

Thus far keratosulfate, a polymer of 
unknown structure composed of equi- 
molar amounts of N-acetyl glucosamine, 
galactose, and sulfate, had been isolated 
from bovine cornea (9) and nucleus pul- 
posus (/0) where it constitutes approxi- 
mately one-half of the total mucopoly- 
saccharides, and from the end pieces of 
the long bones of calf where it was only 
1 percent of the total mucopolysaccha- 
ride (3). In cornea the other half of the 
mucopolysaccharides is made up of chon- 
droitin sulfate A and chondroitin, while 
in nucleus pulposus the remaining half 
appears to be chondroitin sulfate C. 
Thus the mucopolysaccharide pattern of 
the costal cartilage in Marfan’s syn- 
drome resembles that of nucleus pul- 
posus. 

It appears possible that keratosulfate 
occurs more widely in connective tissue 
than believed heretofore and that it has 
been missed because of the greater alco- 
hol solubility of its salts. The occurrence 
of glucosamine in articular cartilage has 
been reported by Kuhn and Leppelmann 
(11), who noted a large decrease in 
galactosamine and a small increase of 
glucosamine with increasing age. Simi- 





larly Shetlar and Masters (12) noted in 
costal cartilage a large decrease in uronic 
acid with increasing age, while the total 
hexosamine increased only _ slightly. 
These results were interpreted as indi- 
cating an increase of a “neutral muco- 
polysaccharide” in aging, but are readily 
explained by the absence of detectable 
amounts of keratosulfate in costal car- 
tilage of newborn infants and the rela- 
tively large amounts found in mature 
costal cartilage. The indication from the 
rotation and solubility data that the 
chondroitin sulfate of the newborn in- 
fant costal cartilage was mainly A and 
of the mature costal cartilage mainly C 
was verified by the infrared spectra (4). 
It appears from these data that the 
mucopolysaccharide pattern of hyaline 
cartilage is more complex than believed 
heretofore. The distribution of kerato- 
sulfate and of the types of chondroitin 
sulfate will have to be reinvestigated, 
with regard to age, species, and the 
source of the cartilage. 
Kart MEYER 
Puitiep HorrMAN 
ALFRED LINKER* 
Department of Medicine, Columbia 
University College of Physicians and 
Surgeons, and Edward Daniels Faulkner 
Arthritis Clinic of Presbyterian 
Hospital, New York 
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13 June 1958 


Possible Role for Vitamin K 
in Electron Transport 


Coupled oxidative phosphorylation in 
extracts of Mycobacterium phlei is de- 
pendent on a particulate and a soluble 
fraction (J). In an attempt to elucidate 
their respective roles, a study of electron- 
transport pathways in these fractions was 
undertaken (2). The characterization of 
some of the soluble electron-transport en- 
zymes has been described in an earlier 
report (3). 

Cells grown with continuous aeration 
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were washed twice with distilled water 
and disrupted by sonic vibration at 10 
kcy/sec for 4 minutes. They were then 
centrifuged at 20,000 g for 30 minutes. 
The cellular debris was discarded and 
the supernate, to be referred to as the 

crude extract, was centrifuged at 140,- 

000 g for 90 minutes. This yielded a 

straw-colored supernate and a red pellet 

consisting of particles ranging in size 

from 20 to 180 mu as previously de- 

scribed (1, 4). The supernate was with- 

drawn carefully and was recentrifuged 

at 140,000 g for 90 minutes to ensure a 

particle-free preparation. The particles, 

in the experiments to be described, were 

washed with 0.1M KCl buffered with 

tris(hydroxymethyl)aminomethane at 

pH 8 and recentrifuged at 140,000 g for 

90 minutes. 

The distribution of activities in the 
washed particles and recentrifuged su- 
pernate are compared in Table 1. As can 
be seen, the supernate did not catalyze 
the oxidation of DPNH (reduced di- 
phosphopyridine nucleotide) with O, or 
vitamin K, (2-methyl-3-phytyl-1,4-naph- 
thoquinone) as electron acceptor. How- 
ever, electron transfer did occur in the 
presence of FMN (flavin mononucleo- 
tide), ferricyanide, menadione (2-meth- 
yl-1,4-naphthoquinone), dye (2,6-dichlo- 
rophenol indophenol), or mammalian 
cytochrome c. The particulate fraction 
catalyzed the oxidation of DPNH with 
O, as electron acceptor, and the rate 
was enhanced by ferricyanide or mena- 
dione but not by vitamin K, (the slight 
inhibition noted wa- due to the Tween 
80 used to disperse the vitamin). The 
particles also catalyzed the reduction of 
dye, but not that of added cytochrome 
c or FMN. 

It has previously been observed that 
light at 3600 A abolishes coupled oxida- 
tive phosphorylation in extracts of this 
organism and that activity could be re- 
stored by the addition of vitamin K, 
(5). It therefore was of interest to de- 
termine the effect of 3600-A light on the 
oxidation of DPNH by various electron 
acceptors in the presence of the super- 
nate and particulate fractions. As can 
be seen in Table 1 (columns marked 
“Irradiated” ), treatment of the super- 
nate with light had little or no effect on 
the reduction of dye or cytochrome c, 
or on the oxidation of DPNH by the 
various electron acceptors. The cataly- 
sis of oxidation by the particulate frac- 
tion, however, with O, as electron ac- 
ceptor, was completely inhibited. Resto- 
ration of activity could be partially 
obtained with ferricyanide or vitamin 
K,, and fully with menadione. Although 
not shown, addition of vitamin K, to 
the ferricyanide reaction mixture re- 
sulted in an oxidation of DPNH equiva- 
lent to the sum of either alone. The ad- 
dition of vitamin K, to the dye, however, 
significantly increased the rate of dye 
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Table 1. Electron transport systems in particles and supernate. The reaction mixtures 
contained 500 umole of potassium phosphate, pH 7.9, 0.42 umole of DPNH, 0.5 mg 


of washed particles or recentrifuged supernate protein, and the electron acceptors as indi- 
cated, made up to a total volume of 3 ml with distilled water. Reactions were started with 
DPNH, and all readings noted at 340 mp were recorded from 15 seconds to 3 minutes. 
The 600- and 550-mp readings were made from zero time. Particles and supernate were 
irradiated in an ice bath in 1 ml amounts with a Gates Raymaster lamp model B at a 
distance of approximately 3.5 cm for 30 minutes. 

















Particles Supernate 

Electron — AE, per AE... per — AE,,. per — AE wo per AE, per — AE,,,. per 

acceptor 15 sec 2 min 3 min 15 sec 2 min 3 min 

and amt. - 

(umole) Unir- Ir- Unir- Ir-  Unir- Ir- Unir- Ir- Unir- Ir-  Unir- Ir- 
radi- radi- radi- radi- radi- radi- radi- radi- radi- radi-  radi- radi- 
ated ated ated ated ated ated ated ated ated ated ated ated 

Dye (0.09) 0.140 0.059 0.448 0.428 
Cytochrome 

¢ (0.06) 0 0 0.193 0.174 
oO, 0.513 0 0 0 
FMN (0.03) 0.509 0 0.196 0.186 
K,FE(CN), 

(0.51) 0.626 0.087 0.466 0.499 
Menadione 

(0.51) 0.548*  0.529* 0.640*  0.636* 
Vitamin K, 

(1.2) 0.457. 0.111 0 0 





* These are minimum values, for the initial rate of DPNH oxidation in the first 15 seconds, which was not 


accounted for, was very rapid. 


reduction. This increased rate was pre- 
sumably a reflection of the nonenzy- 
matic transfer of electrons from reduced 
vitamin K, to dye. 

Evidence that the catalytic oxidation 
of DPNH, with O, as electron acceptor, 
is dependent on the structural integrity 
of the particles was obtained by sonicat- 
ing cells for various periods of time and 
testing the crude 21,000 g supernate for 
activity. With increased time of sonica- 
tion, the ability to oxidize DPNH was 
reduced. When these extracts were cen- 
trifuged at 140,000 g for 90 minutes, 
most of the activity demonstrated in the 
crude extract was found in the remain- 
ing particles. The slight activity present 
in the supernate was eliminated by re- 
centrifugation. 

Spectroscopic examination of the par- 
ticles revealed the appearance of the 
reduced bands of cytochromes b, c, and 
a after the addition of DPNH. After 
exposure to light at 3600 A, the addition 
of DPNH did not cause the appearance 
of these reduced spectra. On further ad- 
dition of vitamin K,, however, the re- 
duced bands of cytochromes ¢ and a 
appeared strongly and b only slightly. 

Dicumarol, at a final concentration 
of 2x 10-4M, inhibited the particulate 
DPNH oxidase activity by 75 percent. 
In addition, as can be seen in Table 2, 
10-°M cyanide inhibited 75.6 percent 
of the oxidation in the untreated par- 
ticles, and 81.2 percent of the vitamin 
K,-restored oxidation in the light-treated 
particles. In contrast, although menadi- 
one and ferricyanide were able to act 
as electron acceptors, they were not on 
the cyanide-sensitive pathway of electron 
transport (Table 2). «-Tocopherol, 
which-has. been shown to be on the path- 


way between cytochromes b and c in 
mammalian tissue (6), could not replace 
vitamin K, in restoring DPNH oxidase 
activity to light-treated particles. 

The already noted incomplete resto- 
ration of DPNH oxidase activity of ir- 
radiated particles by vitamin K, prob- 
ably reflects multiple effects of this 
treatment. DPNH oxidase activity was 
also reduced by extracting the particles 
with iso-octane, according to the proce- 
dure of Nason and Lehman (6), and the 
activity could then be completely re- 
stored by the addition of vitamin K,. 

It is suggested that the catalysis of 
DPNH oxidation by the particles of 
Mycobacterium phlei proceeds through 
at least two enzymatic pathways. One, 
involving vitamin K,, or some related 


Table 2. Effect of cyanide on DPNH oxi- 
dase activity. The reaction mixtures con- 
tained 500 umole of potassium phosphate, 
pH 7.9, 0.42 umole of DPNH, 0.5 mg of 
washed particle protein, and 1.2 umole of 
vitamin Ki, K;Fe(CN).«, or menadione 
made up to a total volume of 3 ml with 
distilled water. Cyanide was added in a 
final concentration of 10°M. Reactions 
were started with DPNH. Light treatment 
was similar to that described in Table 1. 





DPNH oxidized 











per 2 min Inhi- 
Addition sma by RON 
Without With (9) 
KCN KCN 
Untreated particles 
None 0.196 0.048 75.6 
Light-treated particles 
None .024 
Vitamin K, 0.085 0.016 81.2 
Menadione 0.247 0.248 0 
K,Fe(CN), 0.087 0.085 2.3 
&Y? 








compound, proceeds through the cya- 
nide-sensitive terminal respiratory path- 
way. The other, in which menadione or 
other electron acceptors can function, 
does not involve the cyanide-sensitive 
pathway, but rather a diaphorase type 
flavoprotein-catalyzed — cyanide-insensi- 
tive reaction. 

Morton M. WEBER 

ArRNoLD F. Bropie 

JANE E. MErRSELIS 
Department of Bacteriology and 
Immunology, Harvard Medical School, 
Boston, Massachusetts 
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Changes in the Perceived Color 
of Very Bright Stimuli 


Abstract. When very intense stimuli in 
the long-wavelength region of the visual 
spectrum are viewed continuously, they 
change in hue from red, through yellow, 
to green. The relation of the time course 
of these changes to the intensity of the 
stimulus is reported. 


In general, the perceived color of a 
visual stimulus is a function of its wave- 
length composition. It is well established, 
however, that the color of a stimulus of 
fixed wavelength varies somewhat as 
the intensity of the stimulus is changed. 
An extensive study of this phenomenon, 
the Bezold-Briike effect, was reported by 
Purdy (1). He found, for example, that 
both red and yellow-green stimuli ap- 
pear yellower at 1000 trolands than at 
100 trolands. However, yellow stimuli 
(at about 575 mu) were found to be 
“invariant”—that is, no color changes 
were observed as intensity was varied. 

Our observations have shown that 
when a very intense stimulus in the long- 
wavelength end of the spectrum is fix- 
ated continuously, it appears red at first 
but rapidly changes to yellow and then 
to a deep, rich green. Intense yellow 
stimuli, at the wavelength found by 
Purdy to be “invariant,” also turn green. 
Green stimuli may desaturate but do not 
turn red, Auerbach.and Wald (2), while 
studying the effects of very bright stimuli 
on subsequent dark adaptation, also 
noted that intense reds turn green. 

We have investigated the time course 
of these color changes at different wave- 


898 


lengths and light intensities. The ob- 
server was presented with a Maxwell- 
ian view of a bright, uniformly illumi- 
nated, circular field, 15 deg in diameter, 
with a set of cross hairs for fixation. The 
source was a 17-ca automobile head- 
light bulb, run at a color temperature 
of 2800°K from a direct-current power 
supply. The effective f ratio of the sys- 
tem was 3.0. Heat-absorbing glass pro- 
tected the eye from excessive infrared 
radiation. The intensity was varied either 
by neutral density filters or by a variable 
on-off ratio flicker vane, run well above 
fusion frequency. The wavelength com- 
position of the field was controlled by 
introducing color filters into the collim- 
ated part of the optical path. 

The subject held three keys. He was 
instructed to press the first when the 
stimulus was first turned on, the second 
when it first turned yellow, and the third 
when it first turned green (3). The keys 
operated timers, so that the time of each 
color change was recorded. Each trial 
consisted of a single presentation of the 
stimulus at a particular intensity. At 
least 30 minutes elapsed between trials. 
For any given color filter, the order of 
intensity presentations was varied ran- 
domly. 

In the first experiment a Wrattan No. 
29 filter was used. This filter passes all 
wavelengths longer than about 615 mp, 
and none shorter. Four subjects were 
tested under these conditions, and all 
showed similar results, The data for one 
subject are plotted in the upper portion 


TIME TO CHANGE COLOR (SEC.) 


Fig. 1. Time course of 
changes in hue as a func- 
tion of the stimulus in- 
tensity. The upper plot is 
for Wratten filter No. 29, 





of Fig. 1, which may be interpreted in 
the following way: At a given intensity 
—for example, 1x105 trolands—the 
stimulus was judged red for the first 7 
seconds, then yellow for 9 seconds, and 
then green. No further color changes 
were observed, even though fixation was 
maintained for as long as 3 minutes. At 
lower stimulus intensities the color 
changes occurred later. For this par- 
ticular filter, the stimulus remained red 
indefinitely at intensities below about 
0.1 x 10° trolands. Each point on these 
curves is a mean of six judgments for 
one subject. The between-judgments 
variability for each of the subjects was 
surprisingly small. 

These color changes are not restricted 
to broad-band stimulation. The red re- 
gion of the spectrum, as far out as 640 
mp, was explored with a monochromator 
of 5-my spectral slit width, and similar 
color changes were found. 

The lower portion of Fig. 1 shows a 
curve for a narrow band-pass interference. 
filter at 5.75 mw. Since this filter appears 
yellow initially, only the yellow-to-green 
curve can be plotted. This wave length 
is one which Purdy reported to be “in- 
variant”—that is, its hue did not change 
with intensity. However, the highest in- 
tensity employed by Purdy was only 2000 
trolands, or 0.02x 105. At the higher 
intensities we used, this stimulus turns 
to a deep, rich green. 

Our observations in the green and blue 
regions of the spectrum failed to reveal 
changes other than desaturation. Auer- 
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bach and Wald (2), however, have noted 
a blue-to-red change, using a Jena BG12 
filter. It may be that the particular wave- 
length composition of the stimulus is 
more critical in the blue end of the spec- 
trum. Our failure to confirm their ob- 
servation may thus be a result of our not 
having that particular filter available. 
The described color changes may be 
accounted for by photochemical adapta- 
tion, if it is assumed that there are at 
least two photopigments in the human 
retina, a “red” and a “green,” with over- 
lapping absorption spectra, and that the 
rate of regeneration of the “green” pig- 
ment is slightly greater than that of the 
“red.” Equations basically derived from 
this hypothesis yield good qualitative 
agreement with our data. The verifica- 
tion of the hypothesis, however, must 
await the results of more extensive ex- 
periments. 
T. N. Cornsweet, H. Fow er, 
R. G. Rasepeau, R. E. WHALEN, 
D. R. WituaMs 
Department of Psychology, Yale 
University, New Haven, Connecticut 
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Low-Temperature Chromatography 
as a Means for Separating 
Terpene Hydrocarbons 


Recently, a study of the citrus oils was 
undertaken in this laboratory for the pur- 
pose of determining flavor constituents. 
A gas-chromatographic apparatus was 
developed for the analysis of terpenes, 
but it was concluded that preliminary 
separations were necessary. Kirchner et 
al. (1) utilized various forms of silicic- 
acid chromatography for the separation 
of terpene hydrocarbons from the oxy- 
genated constituents of citrus oils and 
for subsequent analysis of the oxygen- 
ated fraction. These procedures have 
been modified and utilized by other 
workers (2). In general, however, silicic- 
acid chromatography has been unsatis- 
factory for’ resolution of terpene hydro- 
carbons, which may constitute more than 
90 percent of a citrus-peel oil. 

It was concluded that the gas column 
would provide an excellent means for 
monitoring the effluents in a study of 
liquid-solid chromatographic procedures 
for separation of the terpenes. Since the 
results of the above-mentioned workers 
indicated slight differences in the migra- 


17 OCTOBER 1958 








Table 1. Distribution of some terpene hy- 
drocarbons in the effluent from a silicic- 
acid column. 








Compound Fraction 
p-Menthane 3-4 
a-Pinene 10-15 
B-Pinene 16-21 
d-Limonene 34-35 





tory rates of certain terpene hydrocar- 
bons on silicic acid, columns of various 
dimensions were prepared for a prelimi- 
nary study. Synthetic terpene mixtures 
were then eluted with various organic 
solvents, and the effluents were analyzed 
by gas chromatography (as described be- 
low) to determine any tendencies toward 
resolution. 

It was observed that results varied 
with pretreatment of the silicic acid. 
Silicic acid which was neither washed 
nor dried did not retain the hydrocar- 
bons to any appreciable extent, and 
silicic acid which was dried at 105°C 
and stored over calcium chloride showed 
only a slight retentive capacity. In- 
creased retention was observed when the 
silicic acid was washed free of fines (to 
facilitate packing), dried several hours 
at 150°C, and used immediately upon 
removal from the oven. Even after this 
process, however, the hydrocarbons 
moved rapidly and displayed only minor 
differences in migration rates. 

On the assumption that migration 
would be retarded at lower tempera- 
tures, experiments were performed in 
which the columns were operated at the 
temperature of Dry Ice (- 78.5°C). Re- 
sults indicate that not only are the ter- 
pene hydrocarbons retarded at this tem- 
perature but that differential retarding 
occurs. As a result, complete resolution 
has been obtained in many instances. 
The example which follows suggests that 
the technique should be of considerable 
value in the study of terpenes, and per- 
haps in the study of hydrocarbons in 
general. 

A special column was constructed for 
immersion in a vacuum flask, with de- 
tails as shown in Fig. 1. Silicic acid 
(Mallinkrodt, 100-mesh) was washed 
free of fines by the method of Bulen 
et al. (3) and dried at 150°C for 48 
hours or more. Approximately 5 g of the 
acid was cooled over calcium chloride 
(for from 2 to 3 minutes) and added to 
50 ml of petroleum ether. A glass-wool 
plug was tamped into the lower end of 
the column, the column was half-filled 
with petroleum ether, and the silicic- 
acid slurry was added, to give a column 
20 cm long. Pressure from a squeeze bulb 
was applied to the top of the column 
until no further packing occurred (a 
sufficient amount of solvent being added 
to maintain the level above the silicic 


acid). The column was then suspended 
in a bath of Dry Ice in acetone, with the 
level of the coolant well above that of 
the packing. After 1 to 2 hours, the ter- 
pene mixture (consisting of 30 mg each 
of p-menthane, a-pinene, B-pinene, and 
limonene in 0.5 ml of petroleum ether) 
was added to the top of the column, and 
pressure was applied until the solvent 
dropped to the level of the silicic acid. 
A glass-wool plug was inserted just above 
the packing, the solvent assembly was 
attached, and elution was started with 
petroleum ether. A flow rate of approxi- 
mately 3 ml per hour was maintained, 
and fractions (2.5 ml) were collected 
manually. After collection of 30 frac- 
tions, the petroleum ether was with- 
drawn from the top of the column with 
a hypodermic syringe, and a 1:1 mix- 
ture of diethyl ether and petroleum 
ether was added (for elution of the 
limonene). 

Gas chromatography of the fractions 
was performed with a laboratory-built 
instrument, in the construction of which 
a 10-ft column of Apiezon-L or C-22 
firebrick, packed in %4-in. stainless-steel 
tubing, was utilized. Helium was used as 
the carrier gas, and samples were in- 
jected by means of a Fisher injection 
assembly. A four-filament conductivity 
cell (Gow-Mac No. 9285) served as a 
detector, and the response was recorded 
on a 10-mv recorder (Varian G-11). 

The procedure was as follows: The 
solvent was evaporated from each frac- 
tion at reduced pressure, and the residue 
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Fig. 1. Assembly for low-temperature 
chromatography. 









was taken up in the injection pipet (0.01 
ml). In those instances in which there 
was insufficient residue, petroleum ether 
was added to wash traces into the pipet. 

The sample was injected, with the col- 

umn temperature maintained at 200°C 

and with a helium flow rate of 40 ml/ 

min and a chart speed of 5 in. per hour. 

These conditions do not represent the 

optimum for resolution but were selected 

to provide characteristic but short re- 
tention times to facilitate rapid analyses. 

Table 1 shows the distribution of the 
hydrocarbons in the effluent from the 
silica-gel column, as determined by re- 
tention times on the gas column. It may 
be noted that, under the conditions em- 
ployed, the silicic-acid column provided 
complete resolution. These results have 
been verified by a number of replica- 
tions. In addition, larger samples (0.2 
g) have been separated by the same 
procedure. A mixture (0.15 g) contain- 
ing 80 percent limonene, 10 percent 
a-pinene, and 10 percent B-pinene was 
resolved, indicating that high concen- 
trations of limonene did not interfere 
with resolution of the more rapid mov- 
ing components of the mixture. 

It is highly improbable that the above- 
mentioned conditions represent the opti- 
mum for separation of the hydrocarbons 
studied. Moreover, it is quite likely that 
any procedure will be dictated by the 
particular mixture to be resolved. It is 
significant, however, that the pinenes 
were separated, since they differ only in 
the position of the double bond. The 
pronounced retention of limonene is of 
special interest where the citrus oils are 
concerned because of the occurrence of 
high concentrations of this compound in 
these oils. 

It should be possible to adapt the pro- 
cedure to a preparative scale by employ- 
ing columns of larger diameter. Upon 
elution of the hydrocarbons, oxygenated 
components may be separated by con- 
tinuation with suitable solvents. In addi- 
tion, the low temperature should inhibit 
the chemical changes often observed in 
adsorption chromatography. In conjunc- 
tion with gas chromatography the tech- 
nique may be especially useful, since the 
gas column can provide additional reso- 
lution. 

Rosert L, CLEMENTS 

Department of Plant Biochemistry, 

University of California, Riverside 
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Stereospecificity of 
Monoamine Oxidase Inhibitors 


It has been found that isopropyl iso- 
nicotinic acid hydrazide (iproniazid, 
Marsilid) is a potent inhibitor of mono- 
amine oxidase in vitro and in vivo, The 
alkylhydrazide group seems to be the ac- 
tive principle. Isonicotinic acid hydra- 
zide (isoniazid, Rimifon), a compound 
similar to iproniazid but not containing 
the isopropyl group, is only a weak 
monoamine oxidase inhibitor. Further- 
more, according to previous workers and 
to our own findings, N-isopropylhydra- 
zine inhibits monoamine oxidase more 
markedly than iproniazid does (/). 

In order to decrease toxicity and to 
increase specificity of monoamine oxidase 
inhibitors in vivo, isopropylhydrazides of 
substances which occur naturally in the 
body—for example, the amino acids 


alanine (acetate) 
rai 


mak» samanerenians 
NHCOCH., CH, 
(I) 
and serine 
CH. 
HOCH CHCONHNHCH 
NH 
(II) 


were synthesized (2). It was observed 
that the derivatives of the /-amino acids 
behaved differently from those of the 
unnatural d isomers. 

After administration of the / forms of 
I and II, a considerable increase in 
5-hydroxytryptamine (5HT, serotonin) 





content occurred in the brain of rats, as 
measured by a spectrophotofluorometric 
method (3). The rise was much more 
marked than after equimolecular doses 
of iproniazid. The d forms of I and II 
had significantly less effect on the 5-hy- 
droxytryptamine content of brain than 
the 1 forms (p< 0.01). In fact, with 
the d form of I, no significant increase 
in 5-hydroxytryptamine could be ob- 
served at all (see Table 1). 

In vitro, there was also a significant 
difference between the d- and /-amino 
acid hydrazides (p < 0.01). However, 
no correlation could be found between 
the monoamine oxidase inhibition in 
vivo (as measured by the rise in 5-hy- 
droxytryptamine in the brain) and in 
vitro (as measured in mitochondrial sus- 
pensions and supernatant). In fact, the 
l forms of I (4) and II showed markedly 
more activity in vivo than iproniazid did. 
In in vitro studies this was not the case. 


Thus, the 1 form of I caused signifi- , 


cantly less monoamine oxidase inhibi- 
tion in mitochondrial suspensions and 
liver supernatant than iproniazid (p < 
0.01) did. The difference in activity be- 
tween the / form of II and iproniazid 
was not significant (p > 0.05). 

These results show that the steric 
configuration of the acyl moiety is an 
essential factor in the activity of the 
above-mentioned isopropylhydrazides on 
monoamine oxidase in vivo and in vitro. 
A similar stereochemical difference has 
been found for amino acid hydrazides 
without substitution in N,, with respect 
to action on diamine oxidase prepara- 
tions (5). This stereospecificity may be 
partly due to the fact that both amine 
oxidases contain an optically active cen- 
ter, too. The higher relative activity of 
isopropylhydrazides of natural amino 
acids, especially /-alanine, in vivo as 
compared to in vitro (see Table 1), is 
probably due to an additional factor. It 


Table 1. Monoamine oxidase inhibition by amino acid hydrazides as compared with 











iproniazid. 
Rise of 5HT in rat brain 
Inhibitor (%) in vivo ;* 
(iproniazid = 100 +10) 
1-I 195+ 10 
d-I 6+ 4 
1-II 200+ 9 
d-II 144+ 15 





Inhibition of monoamine 
oxidase (%) in vitro ;+ 
(iproniazid = 100 + 10) 








Mitochondria pps 
(rat brain) 8 li PIs 
iver ) 
55+ 6 67+11 
eS oe iSeit 
142 + 20 106 + 12 
80+ 14 76+ 8 





* Iproniazid in the amount of 100 mg/kg was injected intraperitoneally 16 hr prior to 5HT determination. 
+ Brain and liver were homogenized in 0.25M sucrose. The mitochondria were isolated by centrifugation at 
500g for 5 minutes and subsequently at 23,000g for 15 minutes, resuspended in 0.06M phosphate buffer 
(pH 7.3), and frozen. The supernatant was diluted 1/1 with 0.1M phosphate buffer (pH 7.3). The brain 
mitochondria as well as the liver supernatant were aged for 1% hours at 37°C, Oxygen consumption was 
measured, tyramine (3 x 10° mole/liter) being used as substrate. Concentration of the inhibitors in the 
supernatant and of the mitochondrial suspensions were 5 x 10 and 3.3 x * mole/liter, respectively. At this 
concentration iproniazid caused monoamine oxidase inhibition of about 50 percent. The enzyme prepara- 


tions were preincubated with the inhibitors for 15 minutes prior to dipping in the substrate. 
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is conceivable that naturally occurring 
substances (for example, /-amino acids) 
have transport mechanisms available in 
the body which are not present for un- 
natural compounds, Thus, /-amino acids 
might serve as carriers for the active 
isopropylhydrazide moiety through natu- 
ral barriers (such as the blood-brain bar- 
rier). 

A. PLETSCHER 

K. F. Gey 

Medical Research Department, 
F. Hoffmann-La Roche and Company, 
Basle, Switzerland 
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Estimation of Total Body Fat 
from Roentgenograms 


Measurements of the thickness of the 
subcutaneous fat can be used for esti- 
mating man’s fatness, and percentile 
norms for judging the relative fatness of 
individuals in this way have been pro- 
vided (1). For some purposes, however, 
an estimate of body fat is desired in ab- 
solute rather than in relative terms. 
Such an absolute estimate can be made 
with the rather complicated methods of 
body water and body density measure- 
ments. This estimate, in turn, can be 
used to establish predictions for total fat 
based on the simpler measurements of 
subcutaneous fat (2). This procedure 
has proved satisfactory in obtaining esti- 
mating equations for total fat from skin- 
fold measurements in young and middle- 
aged men (3, #). 

In the study described in this report 
the thickness of subcutaneous adipose tis- 
sue (plus skin) was measured on soft- 
tissue roentgenograms, taken at a dis- 
tance of 72 in. between the tube and the 
film. No correction for triangular distor- 
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tion was applied. Data are reported for 
four sites: (i) upper arm, at the level 
of the deltoid insertion (see 5); (ii) 
upper arm, one-third of the distance be- 
tween olecranon process and acromion; 
(iii) forearm; and (iv) calf, at the level 
of maximal width. All projections were 
anteroposterior. At site No. 1 the meas- 
urements were made vertically to the 
skin, and at the other three sites they 
were made vertically to the long axis of 
the limb. At sites No. 2, 3, and 4 both 
the lateral and medial thicknesses were 
measured and summated. Total body fat 
was estimated from body density, the 
body volume being obtained by under- 
water weighing with individual correc- 
tions for air remaining in the lungs and 
respiratory passages at the moment 
weight was recorded. 

Middle-aged business men and profes- 
sional men, participating in a_longi- 
tudinal study of aging (6), were the sub- 
jects. The analysis was restricted to 52 
men (mean age 57.1, S.D.=+2.7 years) 
whose weight did not change by more 
than +2 percent from the time of the 
density measurements to the time when 
the roentgenographic data were obtained 
4 years later. 

Equations for predicting body density 
from roentgenographic measurements 
and the coefficients of correlation be- 
tween the two types of criteria of lean- 
ness-fatness are given in Table i. The 
correlations here recorded must be con- 
sidered to be slightly depressed from 
those that would be obtained with meas- 
urement of total fat and recording of 
the x-ray patterns on the same day. But 
the correlations in Table 1 are in the 
same general range as those reported 
when subcutaneous fat was measured 
with skinfold calipers (3). No precise 
comparison between the x-ray and the 
skinfold caliper measurements _previ- 
ously made is possible because of differ- 
ences in the measurement sites. 

The number of individuals for whom 
satisfactory x-ray data were available in 
all four sites was relatively small. Con- 
sequently, no attempt was made to relate 
body density to roentgenographic meas- 
urements in the form of a multiple-re- 
gression equation. This is a task for fur- 


Table 1. Equations (D=a+bX) for pre- 
dicting body density from roentgeno- 
graphic measurements (X, in millimeters) 
and coefficients of correlation (r) between 
density and roentgenographic measure- 
ments. N = size of the sample. 








b 
Site (inter- r N 
cept) (slope) 

1. Deltoid 
insertion 1.07220 -0.00186 -.60 42 
2. Upperarm 1.07812 -0.00219 -.75 41 
3. Forearm 1.07294 -0.00309 -.76 51 
4. Calf 1.06447 -—0.00228 -.58 47 





ther research in which attention should 
be given also to some areas on the trunk, 
including those not readily measurable 
by skinfold calipers, such as the trochan- 
teric area. 
Joser Brozex 
Hiroyosu1 Mori* 
ANCEL Keys 
Laboratory of Physiological Hygiene, 
University of Minnesota, Minneapolis 
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Effect of Reserpine Pretreatment 
on Stimulation of the 
Accelerans Nerve of the Dog 


Abstract. Pretreatment with two doses 
of reserpine (each 0.1 mg/kg, intraperi- 
toneally) sensitizes the heart to the 
positive chronotropic action of norepi- 
nephrine and reduces the response to 
stimulation of the accelerans nerve. 
Ganglionic transmission remains unaf- 
fected. The results indicate that the pres- 
ence of certain stores of peripheral 
sympathetic transmitter is essential for 
the production of tachycardia by stimu- 
lation of the accelerans nerve. 


Recent experiments (/) show that 
reserpine is capable of causing a tachy- 
cardia in the heart-lung preparation of 
the dog by liberation of norepinephrine 
from its stores in the heart. Pretreatment 
of the dogs with reserpine prior to the 
isolation of the heart, by depletion of 
the stores of norepinephrine, prevented 
the positive chronotropic response of the 
heart-lung preparation to the challeng- 
ing dose of reserpine. A dose of 0.1 
mg/kg injected intraperitoneally 24 
hours before the heart-lung preparation 
was set up was found to suffice for the 
pretreatment (2). 

Other experimental evidence indicates 
that pretreatment with reserpine abol- 
ishes the stimulant action of nicotine on 
isolated rabbit atria (3); in this prepa- 
ration nicotine acts presumably on 
ganglion cells or chromaffine tissue situ- 
ated in the heart wall, or on both, and 
thus liberates sympathin. Reserpine has 
also been found to reduce the norepi- 
nephrine content of sympathetic gan- 
glion cells (4). 

The experiments described in this re- 
port (5) were undertaken in order to 





study the effect of reserpine-induced de- 
pletion of the norepinephrine stores of 
the heart on the response of the heart 
rate of stimulation of the accelerans 
nerve. The ganglion cells of these sym- 
pathetic fibers are located in the stellate 
ganglion and thus differ from the nico- 
tine-sensitive structures of the heart 
wall. By applying both pre- and postgan- 
glionic stimulation, we have tried to 
establish whether the changes caused by 
reserpine are fully or partly due to its 
ganglionic effects (4). 

The reserpine pretreatment was car- 
ried out with two doses of 0.1 mg/kg 
each, given intraperitoneally 48 and 24 
hours prior to the experiment. Fourteen 
dogs (seven controls and seven pre- 
treated) were anesthetized with 35 mg 
of sodium pentobarbital per kilogram 
(some of the pretreated animals required 
less) ; the chest. was opened, and the pre- 
ganglionic fibers of the right accelerans 
nerve were prepared after their central 
connections had been cut. Electrical 
stimulation (25 shocks, of 0.7 msec dura- 
tion, per second) was applied for 10 
seconds; the strength of stimulation was 
increased until a maximal acceleration 
of the heart beat was obtained. The post- 
ganglionic fibers were then prepared at 
a distance of about 8 mm from the stel- 
late ganglion, and supramaximal stimu- 
lation was applied. In order to ensure 
that the bipolar platinum electrodes 
were functioning the left vagus was also 
stimulated. Stimulation of the vagus as 
well as of the pre- and postganglionic 
fibers of the right accelerans nerve was 


repeated after the intravenous injection 
of 1 mg of atropine sulfate per kilogram, 
which abolished the response to vagal 
stimulation. Finally, the response of the 
heart rate to the intravenous injection of 
increasing amounts of norepinephrine 
bitartrate (0.075 to 7.5 ug/kg free base) 
was determined. The heart rate was read 
from electrocardiogram tracings re- 
corded with a Grass ink-writing oscillo- 
graph, 

Pre- or postganglionic stimulation of 
the accelerans nerve caused pronounced 
tachycardia in five of the seven control 
animals, but the response of the heart 
was rather small in two (C5 and C6) 
(Table 1). These two animals, however, 
were found to be relatively insensitive 
to injections of norepinephrine (Table 
2). There was neither a significant dif- 
ference between response of the 
heart rate to pre- and postganglionic 
stimulation, nor did the administration 
of atropine cause a significant change in 
the response of the heart. The mean re- 
sponse of the heart to pre- or postgan- 
glionic stimulation of the accelerans 
nerve (before or after atropine) was 
equivalent to that caused by the injec- 
tion of more than 4.9 yg of norepineph- 
rine per kilogram; the reduced response 
of dogs C3 and C6 to the second period 
of preganglionic stimulation was prob- 
ably due to some damage to the nerve 
fibers. 

Six of the pretreated animals were in 
good condition; only one (R4) suffered 
from severe diarrhea. The initial heart 
rate of the reserpine-pretreated animals 


the 


Table 1. Response of the heart to nerve stimulation in normal (C) and reserpine-pre- 
treated (R) dogs. a, Increase in heart rate (beats per minute) ; b, dose of norepinephrine 
(micrograms per kilogram, intravenous) causing equivalent increase in heart rate as 
calculated from Table 2 (with exception of R1 for which other doses of norepinephrine 


were chosen for the dose-response curve ). 


Before atropine 


After atropine 





Initial 








conditions Preganglionic Postganglionic Preganglionic Postganglionic 
Dog — stimulation stimulation stimulation stimulation 
Heart Blood 
rate pressure itor ty 
(beat/ = (mm- b a b a b a b 
min) Hg) 
Normal dogs 
Cl 161 78 
C2 148 134 90 > 7.5 84 mse Be 69 pe Ee 61 > to 
C3 152 110 >7.5 75 > 75 35 2.0 64 ite 
C4 175 106 108 >7.5 98 > 75 76 > 7.5 73 > 
C5 185 150 68 pe Be) 51 > ee 48 PO ie 25 >it 
C6 149 136 17 5.1 29 >7.5 2 0.9 20 6.1 
C7 146 126 65 4.7 89 > 7.5 55 3.9 78 6.5 
Mean 159.4 127.0 71.8 >6.6 140. Jo 475 >4.9 53.0, Pa 
.E +5.7 +6.8 + 12.7 +9.1 + 10.9 + 10.1 
Reserpine-pretreated dogs 
RI 100 0 < 0.08 13 0.26 3 0.26 0.46 
R2 138 114 10 0.10 7 0.09 14 0.12 16 0.14 
R3 103 99 3 0.12 0 < 0.08 1 < 0.08 0 < 0.08 
R4 69 52 2 0.09 0 < 0.08 2 0.09 4 0.11 
R5 110 104 1 < 0.08 2 < 0.08 0 < 0.08 3 < 0.08 
R6 122 124 17 0.36 20 0.38 15 0.35 13 0.29 
R7 118 119 4 < 0.08 2 < 0.08 4 < 0.08 13 0.08 
Mean 108.6 102.0 5.3 <0.13 6.3 <0.15 7.0 <0.15 10.1 <0.18 
S.E. +8.2 +10.7 + 2.3 + 2.9 + 2.5 + 3.0 
P < 0.001 > 0.05 < 0.001 < 0.001 < 0.01 











Table 2. Response of the heart to intra- 
venous injections of norepinephrine in 
normal (C) and reserpine-pretreated (R) 
dogs after intravenous administration of 
atropine (1 mg/kg). 





Increase in heart rate (beats/min) after 
intravenous administration of 








Dog norepinephrine (ug/kg) 
0.075 0,225 0.75 2.25 7.5 
Normal dogs 
C2 0 0 8 0 60 
C3 0 0 12 48 60 
C4 0 0 18 46 72 
C5 0 0 0 8 14 
C6 0 0 1 7 23 
C7 0 11 38 44 83 
Mean 0 1.8 12.8 30.5 52.0 
Reserpine-pretreated dogs 
R2 t 30 52 89 102 
R3 2 5 26 69 108 
R4 1 12 19 40 90 
R5 5 13 32 72 106 
R6 4 8 38 80 96 
R7 13 32 41 88 111 
Mean 4.8 16.7 34.7 73.0 102.2 


a < 0.001 


was significantly lower than that of the 
controls (P < 0.001). The initial blood 
pressure was also lower, though not sig- 
nificantly; this scatter of results may 
have been due to the fact that some of 
the pretreated animals required a 
smaller dose of sodium pentobarbital. 
Pretreatment with reserpine abolished 
or reduced the response of the heart rate 
to stimulation of the right accelerans 
nerve; the difference between the two 
groups of animals was highly significant 
(P < 0.001). Pretreatment with reser- 
pine did not affect the transmission of 
maximal impulses through the stellate 
ganglion, since there was no significant 
difference between the response of the 
heart rate to pre- and postganglionic 
stimulation, Atropine likewise failed to 
change the response of the heart. Injec- 
tions of norepinephrine, on the other 
hand, were found to have an increased 
action in pretreated animals; the differ- 
ence between the two groups of animals 
was highly significant (P < 0.001). The 
increased response of the heart to nor- 
epinephrine cannot be fully explained 
by the lower initial heart rate of the pre- 
treated animals, because these were 
found to respond to such small doses of 
norepinephrine as failed to elicit tachy- 
cardia in the control animals. Compari- 
son of the positive chronotropic effect of 
stimulation of the accelerans nerve with 
that of intravenous injections of norepi- 
nephrine shows that, in the pretreated 
animals, nerve stimulation caused a 
heart rate increase equivalent to that 
of an injection of less than 0.18 ug of 
norepinephrine per kilogram (controls: 
more than 4.9 ug/kg). 
U. TRENDELENBURG 
J. S. GrAvVENSTEIN 
Department of Pharmacology, Harvard 
Medical School, Boston, Massachusetts 
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Influence of Social Interactions 
on Learning Rates in Birds 


That learning may be influenced by 
the behavior of an individual’s con- 
geners is fairly obvious (1). Relatively 
little evidence exists, however, demon- 
strating the role of observational learn- 
ing among animals in their normal en- 
vironment, though such evidence as 
there is indicates that imitational be- 
havior may play a major role in the on- 
togeny of species-specific response pat- 
terns (2). 

Previous work has shown, for exam- 
ple, that the learning of feeding and 
avoidance responses by _ greenfinches 
(Chloris chloris) is greatly affected by 
the presence of a second individual (3). 
While single birds learned a discrimina- 
tion rapidly, as did birds which had 
been trained after having been allowed 
to observe an already trained bird per- 
forming, birds which were being trained 


in the presence of a naive partner re- 
quired considerably longer. Finally, 
when well-trained birds observed the 
performances of untrained partners, 
their own performances, which had pre- 
viously been correct, repeatedly fluctu- 
ated to random, or nondiscriminatory, 
levels. Behavioral data suggested that 
temporary effects such as social facili- 
tation were not involved, but, rather, 
that the sight of another bird feeding 
can actually serve as an unconditioned 
stimulus potent enough to overcome the 
negatively reenforcing effect of nox- 
ious food. 

In the experiments described in this 
report (4) the speed with which adult, 
wild-trapped greenfinches learned to dis- 
criminate between a palatable and un- 
palatable food source was compared for 
single birds and _ heterosexual pairs. 
These birds were housed in wire-mesh 
aviaries of volume approximately 110 
ft, and located on the edge of a wood, 
in conditions approximating the natural 
habitat of the species. Food and water 
were available ad libitum, and adequate 
plant cover and perches were provided. 
In addition, in each cage was placed a 
sprig of box (Buxus sp.) and_ ivy 
(Hedera sp.) to whose leaves were glued 
sunflower seeds or sunflower seeds with 
moist aspirin replacing the kernel. There 
were six seeds on each sprig, single birds 
receiving one pair of sprigs (box and 
ivy), paired birds receiving twice that 
number. The sprigs were replenished 
twice daily. For half of the birds the 
ivy served as the source of the noxious 


Table 1. Number of errors on successive trials for paired and single greenfinches. The 
differences between paired and single birds were significant (= .05 or less). Trials were 
discontinued as soon as one group was discriminating with an accuracy of 11 or less errors 
in three consecutive trials, this number of errors representing a significant level of dis- 
crimination (f= .05 or less). The errors made by the single bird were doubled, in order 
to make direct comparisons possible. The minus signs (—) refer to trials on which the 
birds did not take either palatable or unpalatable seeds. 





Bird 








Errors 
Pair 1 if, =e ae Oe 
Male 1 hE ee 
Pair 2 12, lop. or, ae Se Sy 40, 8 
Male 2 G1, tee. tue te; 4,°°2; 2 
Pair 3a ey Sa ae en | A Se SM CE 
Pair 3b iy Gee eke, ty 0, GO, 10 G6, SE A Ee RZ 
Male 3 a oe ke 3. eS a Oe eo 
Pair 4 hy ate sate 58, Ld, 4 BL. 5 5G 2 ke @ 
Male 4 ee ee nee. es. O 
Pair 5 <> See eoee, os: OLE, Ss: 8.19 diag 
Female 5 12;-10,.4677 43 1 Oy 0, 0... 0 
Pair 6 FD) Tay eee eee, 2h; 11, 9 
Male 6 iis, eee an 6G, 2, 2 
Pair 7 = yl kaneiagis Gy) Lt, 7, 14, 12, 8 
Female 7 10S eon ee: 6, 0, 6, 0; 0 
Pair 8 AQ shQyG bay EZ, 12, 12, 12 
Male 8 SG OU, a0” 64; 6, 4 


* Escaped. + Only the female responded. 
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food (aspirin filled seeds); for the other 
half of it was bo.:. An error was scored as 
a failure to take a palatable seed or as 
the seizing of an unpalatable one. The 
criterion for seizing was the splitting of 
a seed or its removal. After the first few 
trials, virtually all errors were due to 
taking the incorrect seed rather than to 
failure to feed. 

Because weather conditions and day 
length were known to affect motivation 
and hence learning speed, the only valid 
comparisons that can be made are be- 
tween paired and single birds which 
were tested simultaneously. The data 
given in Table 1, when presented in 
this fashion, show a striking parallel 
with those achieved in the previous ex- 
periments, which were conducted in a 
more artificial fashion (3). In eight in- 
stances the single birds, whether male 
or female, learned with considerably 
greater rapidity than the paired birds, 
who, in several instances, failed to learn 
the discrimination altogether. In the sin- 
gle instances where the pair learned as 
rapidly as the single control, observa- 
tions established that only the female 
was, in fact, responding. In all other 
pairs, both birds simultaneously partici- 
pated in the feeding, at least during the 
observation period. 

This interference with discrimination 
learning in social situations can fail to 
be maladaptive only among species 
whose feeding responses are so conserva- 
tive as to virtually eliminate the likeli- 
hood of their feeding on some unsuitable 
or noxious food. As earlier work has sug- 
gested (3), the observation of a part- 
ners feeding response is powerful 
enough a stimulus, even after delays of 
24 hours, to overcome previously estab- 
lished avoidance behavior. Presumably 
this will not be true of species with a 
more varied diet or a more opportun- 
istic feeding habit than greenfinches. 
One might also expect a different situa- 
tion in species which remain in flocks 
throughout the year. Investigation of 
these possibilities should be of consider- 
able value in an elucidation of the rela- 
tion between learning processes and so- 
cial organization. 

Peter H. Kioprer* 
Madingley Ornithological Field Station, 
University of Cambridge, 
Cambridge, England 
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On Nucleon-Antinucleon 
Symmetry in Cosmology 


Abstract. It has been suggested that 
cosmological models should embody an 
initial nucleon-antinucleon symmetry and 
that the present ratio of nucleons to anti- 
nucleons is the result of a statistical 
fluctuation. Simple arguments are pre- 
sented for evolutionary models which 
appear to rule out this possibility in the 
development of the universe. 


Recently Goldhaber (1) suggested that 
a correct cosmological model should 
exhibit particle-antiparticle conjugation 
symmetry. Indeed there is at present no 
reason to believe that the laws of nature 
underlying the universe should yield a 
preferential role for either particles or 
antiparticles. Yet there are reasonable 
arguments presented by Burbidge and 
Hoyle (2) that certainly our galaxy, and 
probably the presently observable uni- 
verse, cannot contain more than one 
antiparticle in 10’ particles. 

These arguments are based on the fact 
that if the concentration of antiparticles 
relative to particles were as much as 
1:10%, then particle-antiparticle annihi- 
lation would be sufficient to provide the 
observed kinetic energy in our galaxy as 
well as the high-energy electrons in- 
volved in radio emission by the Crab 
nebula and other radio sources. There- 
fore, if symmetry is demanded, one must 
seek a cosmological model in which a 
separation of particles and antiparticles 
was initially effected or is now being 
effected in such a way as to explain our 
not finding an equal influence of matter 
and antimatter in the observable uni- 
verse. 

On these grounds Goldhaber specu- 
lates about initial conditions which are 
symmetrical between matter and anti- 
matter. He asks the question, “Should 
we simply assume that nucleons and 
antinucleons were originally created in 
pairs, that most nucleons and antinu- 
cleons later annihilated each other, and 
that ‘our’ cosmos is a part of the uni- 
verse where nucleons prevailed over 
antinucleons, the result of a very large 
statistical fluctuation, compensated by an 
opposite situation elsewhere?” As still an- 
other alternative Goldhaber suggested 
essentially two “separate universes,” one 
of matter, the other of antimatter, the 
two being derived from a single initial 
entity comprising the material of the 
universe and possessing the desired sym- 
metry. 

We should like to point out that one 
can apparently rule out the possibility 
that the presently observable universe 
represents a statistical fluctuation in the 
history of large-scale nucleon-antinu- 
cleon annihilation from an initially sym- 
metric state. The arguments were devel- 
oped in a paper which we wrote in col- 
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laboration with J. W. Follin, Jr:, (3) 
some years ago and are presented here 
in somewhat revised form in the hope 
of achieving greater clarity. 

Suppose that the-presently observable 
expanding universe derived from a state 
early in the universal expansion in which 
thermodynamic equilibrium prevailed 
between nucleons and antinucleons. Con- 
sider an ensemble of finite co-moving 
volume elements V, containing N each 
of protons, antiprotons, neutrons, and 
antineutrons (a total of 4N particles per 
volume element V). In order to end up 
with the largest residual density of mat- 
ter, we assume that nucleon-antinucleon 
pair annihilation led first to mesons, 
which in turn, and later in the universal 
expansion, led to electron pairs, neu- 
trinos, and radiation, as appropriate. If 
a be the probability of the reaction lead- 
ing to mesons, then averaging over the 
ensemble of finite volume elements 
should yield 4aN as the mean number 
of particles transmuting to mesons per 
finite volume element V. The standard 
deviation of the mean number of nuclei 
transmuting in this ensemble is there- 
fore 


o =[40N(1-a)]* 


This standard deviation clearly has a 
maximum value for «= 12, namely, 


Omax. = N* 


One might argue then that, at best, in 
any finite volume element V, the excess 
of nucleons over antinucleons, or the 
converse, will be of the order of o 
that is, of the order of N”. 

Assume now that the early history of 
the expanding universe is that which has 
been proposed previously (3) in connec- 
tion with synthesis of the elements— 
namely, the result of a quite general ex- 
trapolation back in time of a uniformly 
expanding relativistic medium. In this 
model it is supposed that at some early 
time in the expansion of the universe 
the temperature was of the order of 
101°°K, adequate to support thermody- 
namic equilibrium among nucleons, anti- 
nucleons, and radiation. We ignore other 
components of the mixture, such as elec- 
trons, positrons, neutrinos, and mesons, 
in these order-of-magnitude arguments. 
In such a state the number of nucleons 
and antinucleons should have been of 
the order of the number of photons. As- 
suming the radiation field to have been 
characteristically black-body, one can 
compute the photon concentration to 
have been of the order 


_ (kT 
pias (2) 
2: 10" cm™ at T = 10°°K 


max. 


In order to be quite conservative, let 
us consider volume elements V having 





initially (that is, at T= 102°°K) a radius 
equal to that of the present visible uni- 
verse (~ 6x 10° light-years). The num- 
ber of photons and therefore the total 
number of particles was roughly 10% x 
1084, or 10145. For this N, we cbtain 
Omax. = 1057. In other words, if one 
considers nucleon-antinucleon evolution 
from a state of thermodynamic equi- 
librium at T = 101°°K in a volume ele- 
ment as large as the present visible uni- 
verse, then the maximum excess num- 
ber of nucleons over antinucleons, or of 
antinucleons over nucleons, that one 
might expect from a statistical fluctua- 
tion would be of the order of 1057. 

This is an absurdly small result from 
two viewpoints. On the one hand, even 
ignoring the subsequent dilution by the 
universal expansion, this number is no 
more than the number of nucleons in 
the solar system, which is also ~ 105". 
On the other hand, it is also consider- 
ably less than the maximum of 1 anti- 
particle in 107 particles which could pre: 
sumably be present-in the universe as-we 
know it. In our earlier work (3) we used 
this argument to reinforce our supposi- 
tion that one had to treat nucleon den- 
sity in the early stages of the universal 
expansion as a free parameter and not 
try to compute it on theoretical grounds. 
We conclude that one cannot explain 
the present nucleon-antinucleon asym- 
metry with a simple argument for a sta- 
tistical fluctuation without further as- 
sumptions. 

These arguments do not apply to the 
other of Goldhaber’s speculations—that 
is, the “cosmon’”-“‘anticosmon”’ universe. 
This is a symmetrical form of Lemaitre’s 
primeval atom hypothesis, which as- 
sumes the evolution of the universe from 
a single particle, a “universon,” contain- 
ing the mass of the entire universe. With 
Goldhaber’s hypothesis one has the re- 
quired symmetry to begin with but sup- 
poses a separation which removes anti- 
matter from our ken. This model may 
be philosophically satisfying but must be 
regarded as considerably more specula- 
tive than other cosmological models in 
vogue, for the reason that it is difficult 
to imagine observational tests of such a 
hypothesis at the present time. 

Ratpu A. ALPHER 
General Electric Research Laboratory, 
Schenectady, New York 
Rosert HERMAN 
Research Laboratories, 
General Motors Corporation, 
Detroit, Michigan 
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Seventh Meeting of Nobel 
Prize Winners in Lindau 


In July of 1957, the winners of the 
Nobel prize in medicine met in Lindau, 
Germany, for the third time. Among the 
participants were the following Nobel 
prizewinners: K. Alder (Cologne), M. 
Born (Bad Pyrmont), and O. Hahn 
(Gottingen). 


Uses of Cortisone 


In 1950, Philip S. Hench (Mayo 
Clinic, Rochester, Minn., U.S.A.) was 
awarded the Nobel prize, together with 
Kendall and Reichstein, for the discov- 
ery of treating rheumatic diseases with 
cortisone. Unfortunately, this treatment 
entailed some side effects, which are 
now subject to further medical research. 
In his address at Lindau, Hench consid- 
ered this question. 

It has been known since 1948 that 
cortisone and ACTH can suppress cer- 
tain inflammations (rheumatic and 
gouty arthritis, rheumatic fever, and 
certain other diseases). Although numer- 
ous inflammations are modified by the 
use of cortisone, this drug cannot be 
rated as a specific for inflammations. 
During prolonged use of cortisone in 
the treatment of a disease like rheu- 
matic arthritis, a number of undesirable 
reactions might occur: activation of in- 
ternal conditions (either microbial or 
nonmicrobial) such as tuberculosis or 
gastric ulcers; increase in susceptibility 
to an epidemic disease such as influenza; 
or flare-up of the inflammation which 
is under hormone treatment. In order to 
find out more about the development of 
certain rheumatic and nonrheumatic 
inflammations, Hench concentrated on 
cases of relapses in connection with hor- 
mone and nonhormone therapy in sur- 
gical cases (for example, pregnancy and 
trauma). Reaction to the withdrawal of 
any kind of cortisone (in some cases this 
applies also to ACTH) includes effects 
connected with the remedy and others 
connected with the nature of the disease 
under treatment. Quite often, in cases 
of rapid change from spontaneous or 
stimulated overdoses of cortisone in the 
blood (hypercortisonism) to subnormal 
amounts of cortisone in the blood (hypo- 
cortisonism), certain reactions may oc- 
cur in susceptible persons. Those are 
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two factors that have to be considered: 
the sensitivity of the patient and an 
abrupt hypercortisone transfer. 

The factors that provoke reactions 
need some special consideration, since 
they are often related to prolonged 
therapy. Thus, patients, who are sus- 
ceptible to those factors may be un- 
knowingly exposed and several ordinary 
diseases might be activated. The most 
important point in this connection is the 
fact that not only can these factors pro- 
duce a reoccurrence and spread of a 
disease but they can also produce first 
attacks of these latent diseases. The 
period of greatest danger for susceptible 
patients seems to be shortly after the 
appearance of the first symptoms of 
rheumatic disease and the intensification 
of the hypercortisonism. The results may 
include different kinds of inflammation 
of the joints as well as of eye, skin, and 
blood vessel components. 

The conclusions drawn by Hench 
show that patients with gout, rheumatic 
fever, rheumatic arthritis, psoriasis, and 
lupus erythematodes seem to react nor- 
mally to the biochemical stress of ab- 
normally high levels of cortisone in the 
blood stream. Symptoms in the joints, 
if not already present, do not appear. If 
present, they are suppressed as long as 
the biochemical stress is maintained, 
either in a natural or a therapeutical 
way. As soon as the hypercortisone phase 
decreases and terminates, an acute or 
subacute joint- or skin inflammation 
breaks out. This kind of patient seems 
to adjust very well to the biochemical 
stress; however, it is extremely difficult 
to bring him back to his normal status. 


Lung Angiography and 
Catheterization of the Heart 


Twenty-eight years ago, Werner 
Forssmann (Bad Kreuznach), the sec- 
ond speaker of the first evening, per- 
formed on himself the first probing of 
the heart. He started his experiments 
shortly after receiving his M.D. degree 
at the University of Berlin. He intro- 
duced a catheter 65 centimeters in 
length through the vein of the elbow 
into the ventricle of the heart and thus 
demonstrated the possibility of ‘examin- 
ing the heart in a relatively safe way. 
In his address, Forssmann only casually 
mentioned his experiment, but the sig- 


nificance of selective lung angiography 
and of catheterization of the heart for 
clinics of heart and lung diseases was ob- 
vious. 

We all know that there is a close re- 
lationship between respiration and the 
circulation of the blood, and we realize 
that every disease provokes a disturb- 
ance of the metabolism, a change in the 
circulation of the blood and of the respi- 
ration. This fact was discovered more 
than three hundred years ago by Wil- 
liam Harvey, who described “the great 
circulation of the blood,” in his book 
De Motu Cordis et Sanguinis, in 1628. 
There was a long and difficult road 
ahead through the centuries. In 1710, 
for the first time, exact research was car- 
ried out on the circulation of the blood, 
and the volume passed per minute was 
determined. Two centuries later meas- 
urements of the arterial blood pressure 
followed. These experiments and similar 
ones, performed on animals, enabled re- 
search workers to measure the blood 
pressure and metabolism by exposing 
the vein of the neck and inserting a tube 
from there to the right side of the heart. 

In 1929, with Forssmann’s experiment 
on himself, a catheter was introduced 
into the human heart for the first time. 
However, this method of examination 
was not given much consideration at 
first, and it was only in 1941 that Cour- 
nand came back to it. He succeeded in 
passing the catheter through the right 
side of the heart to the periphery and 
measured the pressure of the artery of 
the lung. 

A surgeon must have an exact x-ray 
picture in order to diagnose and plan 
a successful operation. As early as 1930 
good x-ray photographs were obtained 
in dogs who had been given intravenous 
injections of contrast media which filled 
the small blood vessels. Only much later, 
after a series of difficult experiments, was 
this method (called angiocardiography ) 
adapted for man. By means of a catheter 
which is introduced all the way to the 
heart or to the lung and through which 
a relatively small amount of a contrast 
medium (8 to 11 milliliters) is injected 
into the area which is to be photo- 
graphed, it was possible to obtain good 
x-ray pictures, which could be used by 
the surgeon. Today we are in a position 
to make x-ray pictures of these organs 
and to use them for purposes of re- 
search, thanks to selective lung angiogra- 
phy. With a small amount of contrast 
compound it is possible to show, by 
means of this kind of x-ray technique, 
the fine structure of the vesveis with 
their ramifications. This method made 
it possible to introduce the von Euler- 
Cournand effect into the clinic in 1953. 
This effect proves that bad circulation 
within the lung causes a throttling of 
the connecting vessels. This permits cer- 
tain conclusions about the healing of 
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tuberculosis through the pneumothorax 
method, which is based on the theory 
that a lung which is at rest or whose 
volume is diminished is better nourished 
than another, and that healing is thus 
accelerated in tuberculosis. On the basis 
of the von Euler-Cournand effect we are 
forced to admit that those conclusions 
are not relevant and thus that the use 
of the pneumothorax method should be 
considerably reduced in favor of other 
treatments. One can summarize the ar- 
gument in the following way: owing to 
the disease of the lung parenchyma, less 
ventilation of the lung takes place. Thus 
the vessels are narrowed, and this leads 
to an increase of resistance to the flow 
of blood. This increase in resistance re- 
sults in an increase in pressure in the 
artery of the lung, and this must be 
transferred to the right side of the heart. 
Naturally, this increased burden cannot 
be handled for a long time by the right 
side of the heart and will gradually re- 
sult in insufficiency of the heart. This 
shows clearly the functional and patho- 
logical unity of the lung, the blood cir- 
culation, and the heart, and one realizes 
that the selective angiography of the 
vessels of the lung should not be con- 
sidered as an isolated topic. 

What does the selective angiography 
mean in cases of heart disease? In the 
case of mitral stenosis (narrowing of the 
mitral valve between the left auricle and 
the left ventricle of the heart) we have a 
clinical model which shows us what can 
be accomplished by heart surgery in case 
of a valve rupture. It is well known that 
in the case of a stenosis of the mitral 
valve, the pressure is increased within 
the lesser circulation; use of the catheter 
makes this evident. But how shall we 
know whether this increase in pressure 
is the result of a functional, reversible 
narrowing (regulatory adaptation) or 
whether it is due to a permanent, irre- 
versible narrowing? In the latter case 
more harm would be done by a valve 
rupture. This is where the selective 
angiogram gives the correct picture and 
shows the prevailing situation to the 
heart surgeon. This example shows us 
that, since the introduction of the angio- 
gram into the clinic, it has been possible 
to determine the need for surgery at a 
stage when there is the greatest possi- 
bility of its being successful, before or- 
ganic changes have occurred which can- 
not be treated by means of surgery. As 
Forssmann expressed it: “These meth- 
ods brought us a deep insight into the 
physiological sides of the problem, which 
up to now were ignored and which will 
help us considerably in curing human 
beings. We actually entered an era of 
studying circulation. The greater circu- 
lation has been subject to research for a 
long time, whereas the lesser circulation 
has been more or less neglected. One- 
sided research in medicine can never 
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bring progress, but only retrogression. 
Only if everything is included do we get 
the picture as a whole. Medicine, which 
all of us revere, seems to me like an un- 
explored work of art which can be seen 
in different lights and from different 
angles. Always one can find new beauty 
in it, and yet it is always the same. Medi- 
cine constantly opens up new insights 
into life and so, sooner or later, this cir- 
culatory concept will be replaced by 
something new, as earlier ideas have 
been replaced and yet have never be- 
come obsolete.” 


New Insights in Cancer Research 


Wendell M. Stanley (Berkeley, Cali- 
fornia) discussed in a very broad man- 
ner the possible relations between viruses 
and cancer. The discovery, around the 
turn of the century, of the first viruses— 
the tobacco mosaic, the foot-and-mouth, 
and the yellow-fever viruses—did not stir 
up too much excitement, and the knowl- 
edge in this field did not rouse very 
much interest in the 1920’s. By about 
1930 it was possible to determine, with 
some accuracy, the size of certain viruses 
(they were found to be smaller than 
some protein molecules). In 1935 the 
tobacco-mosaic virus was isolated in 
crystal form and recognized as a nucleo- 
protein. It was discovered that this nu- 
cleoprotein molecule has a diameter of 
15 mp and a length of 300 mu and that 
it possesses the extremely high molecu- 
lar. weight of 50 million. Thus, it is 
larger than any molecule ever described 
before, but it was also discovered that it 
possesses all the qualities of the larger 
protein molecules which are related to 
this kind of protein molecule. The same 
material could be extracted from plants 
which had the mosaic disease, and thus 
was discovered a molecule which was 
able to reproduce itself and to have 
mutations. It seemed that the difference 
between living and lifeless substance was 
not very sharp any more, and this was 
the beginning of a complete revolution 
in the ordinary concepts in this field. 

Today we know that the gap between 
20 and 200 myu—that is, between the 
molecules of the chemist and the organ- 
isms of the biologist—is closed by the 
viruses. Some of the larger viruses are 
larger than several of the known living 
organisms, whereas other smaller viruses 
are actually smaller than certain albumin 
molecules. 

For a long time it was believed that 
animal and human viruses are funda- 
mentally different, since all crytalline 
viruses that had been discovered were 
plant viruses. This belief, however, be- 
came obsolete when the two Americans, 
Schwerdt and Schaffer, discovered polio- 
myelitis viruses, which represent a typi- 
cal animal or human virus, in crystalline 
form, Since then, at least one more ani- 
mal or human virus has been observed 





to be crystalline; this was the Coxsackie 
virus, which was discovered by the 
American Mattern. Hundreds of viruses 
are known, and yet only about one dozen 
could be isolated in pure form. Stanley 
thinks it is justifiable to assume that 
viruses, cover the range from small crys- 
tallized animal, human, or plant viruses, 
through intermediate structures consist- 
ing of nucleoproteins, lipoids, and hy- 
drocarbons, to those viruses which have 
the same morphology and composition 
as the organisms which consist of cells, 
All these structures are somehow related 
to each other by their own characteristic 
property, and they are all able to repro- 
duce themselves. 

In 1903 Borell thought that cancer 
could be the result of the living and re- 
productive forces established in the virus. 
In the meantime several laboratories 
have found evidence of the virus etiology 
of cancer, and thus it may be expected 
that viruses will be found to be respon- 
sible for most kinds of cancer. Cancer is 
a problem of growth (“cancer is life 
against itself,” as F, Deich has pointedly 
said). The fact that, up to now, only two 
kinds of little-studied, benign tumors in 
human beings are known to be caused 
by viruses, and that it has not been seri- 
ously assumed that excitants are present 
in human cancer, does not mean that 
these are nonexistent and that they are 
of no etiological significance. It only 
means that, up to now, efforts to prove 
the existence of a virus as a causative 
factor in cancer have been (for one 
reason or another) without success. The 
assumption, as a working hypothesis, of 
a viral etiology in human cancer will 
cause a significant change in the atti- 
tude of many researchers. This is a ne- 
cessity, if a correct approach and correct 
experimental planning are to result. 

There is no proof that human cancer 
is infectious, but it is known that viruses 
that cause tumors can be both filtrable 
and infectious at times and, at other 
times, nonfiltrable and noninfectious, 
Apparently this is connected with the 
fact that the viruses are very specific 
and that a certain virus only infects a 
certain type of cell. Thus, under differ- 
ent conditions it does not appear to be 
infectious. This explains the difficulty in 
demonstrating the existence of virus in 
human cancer. The breeding of normal 
and malignant cells offers a good ap- 
proach. Experiments of this kind are 
carried out in the laboratories at the 
University of California, Berkeley. The 
fact that many different kinds of human 
viruses have been found leads to the con- 
clusion that there must be still undis- 
covered viruses in a supposedly healthy 
human being. It is significant that the 
infection of cancer cells of a certain type 
with certain viruses causes the destruc- 
tion of the cancer cells. Due to the mu- 
tability of the viruses, it should be pos- 
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sible, with the help of already known 
passage techniques, to develop viruses 
which have no effect on normal cells but 
which have a special specificity for the 
destruction of cancer cells. Various labo- 
ratories are now working on these prob- 
lems. 

The fact that viruses are able to re- 
main in cells for generations makes a 
relationship between virus and gene 
probable. Genes and viruses are carried 
over from one generation of cells to an- 
other. It was found, for example, that 
genetic factors of one type of Salmonella 
cells can be transmitted through bac- 
teriological viruses to another. Thus it 
has been supposed that, under certain 
circumstances, genes act like viruses and 
vice versa, that viruses can cause cancer, 
and that they are forms of the transition 
zone of life, carrying both life and mo- 
lecular characteristics. 

A discovery which was recently made 
in the laboratories of Stanley by Fraen- 
kel-Conrat changed the situation con- 
siderably. It can now definitely be as- 
sumed that nucleic acid is the domi- 
nating factor in these considerations. 
Fraenkel-Conrat and, a short time later, 
the Germans Gierer and Schramm, dis- 
covered that after the tobacco mosaic 
virus is treated in a special way, a spe- 
cific nucleic acid is found which pos- 
sesses the characteristics of viruses. It 
seems to be a fact that a nucleic acid 
entity of molecular weight about 300,- 
000 contains, within its approximately 
1000 nucleotides, the information to al- 
low the production of the same nucleic 
acid within its host cell, and apparently 
it is also able to perform the synthesis 
of its own characteristic and specific pro- 
tein, by which it is surrounded. These 
experiments give beautiful proof of a 
direct relationship between specific nu- 
cleic acid and specific protein synthesis, 
and they make it possible to consider 
the activity of the virus and gene, in- 
cluding their temporary connection with 
cancer, in the form of nucleic acid and 
not as a nucleoprotein. The finding that 
viruses, genes, and cancer are all directly 
dependent upon the structure of nucleic 
acid is considered extremely important. 
In Stanley’s words, “These and similar 
studies lead you directly to the heart of 
the whole cancer problem and should be 
able to bring a solution in this field, 
which today is quite confused.” 

Georg von Hevesy (Stockholm), who 
almost every year gives an outstanding 
report on his research, talked about can- 
cer anemia. In recent years many scien- 
tists have worked on the concentration 
of hemoglobin in the blood of persons 
stricken with cancer. Determinations of 
concentration showed that the hemo- 
globin concentration in most people with 
cancer is 20 percent or more below the 
concentration in healthy people. This 
phenomenon, however, very often finds 
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W. M. Stanley, M. Born, W. Forssmann, S. A. Waksman, O. Hahn, K. Alder, G. von 


Hevesy, P. H. Muller, P. S. Hench, G. Domagk. 


compensation in an increase in volume 
of blood in people stricken with cancer, 
and thus the total number of red blood 
corpuscles of patients with cancer equals 
that of healthy people. The concentra- 
tion of hemoglobin in the blood depends 
on the decay and production, per unit 
of time, of hemoglobin molecules. It is 
also determined by the number of red 
blood corpuscles (which contain the 
hemoglobin) which decay and originate 
in this same time interval. These quan- 
tities can be determined through radio- 
active labeling of the iron, one of the 
main constituents of the hemoglobin. 

Dal Santo, a colleague of von Hevesy, 
made some experiments in Stockholm 
on patients suffering from cancer of the 
uterus. He found that, quite often, red 
blood corpuscles have a shorter lifetime 
in a cancer-stricken organism than in a 
healthy one but that the shorter lifetime 
is usually compensated for by a faster 
new growth of red blood corpuscles. 

Similar results were obtained in the 
United States and by Kiderlein in the 
clinic in Freiburg im Breisgau, with pa- 
tients who had cancer in other organs. 
The shortening of the lifetime of the 
red blood corpuscles in a cancerous or- 
ganism is due to the presence of one 
of these attacking agents in the blood 
and is also due to the beginning of the 
growth of abnormal red blood corpus- 
cles in the cancer. This can clearly be 
seen in experiments with animals, per- 
formed in Stockholm by von Ehrenstein. 
He labeled the red corpuscles of several 
hundred mice with radioactive glycine. 
The disappearance of the radioactivity 
from the blood shows the rate of decay 
of'the red corpuscles. If, after the label- 
ing of blood corpuscles, cancer cells 


were injected into the animals and tu- 
mors resulted, it was found that the 
radioactivity disappeared twice as fast 
from the blood of these animals as from 
that of healthy animals. But the cancer- 
ous animals had the same amount of 
hemoglobin as the healthy ones, since 
the rapid decay of the blood corpuscles 
was compensated for by a more rapid 
formation of new cells. This could also 
be proved by the fact that the marking 
of the red blood corpuscles occurred 
only after the formation of a tumor— 
that is to say, not in a healthy but in a 
cancerous animal. Four times as much 
radioactive hemoglobin was formed in 
the red blood corpuscles of a diseased 
animal as in those of a healthy animal. 
This result very clearly shows the rapid 
formation of red blood corpuscles in 
cancerous animals. With this kind of ex- 
perimentation the way is paved for draw- 
ing conclusions, from investigation of the 
blood, about the existent cancer cells 
and their activity. 

Gerhard Domagk (Wuppertal-Elber- 
feld), who introduced the sulfonamides 
into medicine, talked about the chemo- 
therapeutical side of the malignant tu- 
mor. The first inhibitor of cell growth 
(cytostaticum) found, by Otto War- 
burg, urethane, arrests mitosis in cell tis- 
sues. Later on it was observed that ure 
thane not only is cytostatic but also can 
produce cancer. Other groups, amongst 
them benzpyrene, were only of passing 
interest. The cytostatica developed by 
Domagk brought great relief in the treat- 
ment of polycythemia but, on the other 
hand, also the danger of the formation 
of new bone tumors. In this ambiguous 
therapy it is up to the physician to de- 
cide whether the patient can be helped 
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or not by the taking of this medicine. 
In the 1920’s, while doing research on 
cancerous cells, Warburg found a re- 
duced cellular metabolism, with intensi- 
fied fermentation. For along time it was 
not possible to repeat these experiments 
in other laboratories, because of the ex- 
treme difficulty of the measuring tech- 
nique, but, through the use of isotopes, 
these results have been confirmed and 
carried further. Today we consider tu- 


through the loss of certain enzyme sys- 
tems, like respiration ferments. This can 
be caused through the inhalation of de- 
structive matter or through wrong nutri- 
tion.during part of the lifetime of an or- 
ganism, of as a result of other, not yet 
defined, injuries. 

In the last few years it has been pos- 
sible to combine many single results, and 
in this way it was found, for instance, 
that the activity of the cytochrome oxi- 


morous cells to be deteriorated cells, 
marked by certain morphological struc- 
tures, and we notice a loss of the mito- 
chondria, This degeneration can also be 
noticed in the metabolism of these cells 


dase and the oxysuccinic acid in sarco- 
mas are only one-fifth those in normal 
liver cells. A reduction of the catalase 
content was also noted. The effect of ef- 
fective cytostatica, like triosephosphate 
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dehydrogenase, for instance, today can 
be seen in these enzyme systems. Lewisite 
compounds not only made tumors disap- 
pear but also caused tumors, and thus 
could only be used within limitations, 
Arsenic and heavy metals (such as lead 
and gold) are not in great use any more 
today. But great interest was aroused in 
the group of the antimetabolites, which 
include the cytostatica. These were able 
to prolong the life of leukemia-stricken 
children by years. Specific and nonspe- 
cific albumin therapy in the meantime 
also brought some success. Cortisone 
alone or in combination with mercapto- 
purine showed certain results. Further 
research is in progress on ways to in- 
crease the prophylactic forces in the or- 
ganism by extracting preparations from 
tissues immune to tumors, These sub- 
stances, however, cannot be considered 
as real cytostatica. The treatment with 
heterosexual hormones brought good re- 
sults with carcinoma of the prostate, 
but there is the fundamental question 
whether the majority of these tumors 
can still be considered as genuine can- 
cer. Overdoses, which are quite often 
given, result in an inverse effect (mam- 
mary gland carcinoma). Among the an- 
tibiotics there can also be found cyto- 
static substances, such as actinomycin C 
and D, which show success with lympho- 
granulomatosis and Hodgkin’s disease. 
In the meantime new actinomycins have 
been found, but they have not yet been 
used in clinics. “That there really are 
chemotherapeutical drugs to cure can- 
cer has never been stated in any scien- 
tific publication, nor has it ever been 
mentioned in any lecture, only in non- 
critical newspapers and magazines,” 
stated Domagk. 

We can talk about a supplementary 
chemotherapy of cancer, and in this con- 
nection the so-called ethylene imino- 
chinones are of special interest. These 
substances, belonging to the groups of 
the cytostatica, not only retard the 
growth of tumors but also inhibit the 
growth of normal human, animal, and 
plant cells. With these substances, the 
germination of wheat can be stopped. 
Therefore care must be exercised in ad- 
ministering these drugs in people who 
are capable of procreation, since these 
substances are able to change the genes, 
just like x-rays and other radioactive 
rays. 

These cytostatica can be used only on 
patients with tumors on which it is too 
late to operate, and we should be grate- 
ful that in this way we are able to pro- 
long the life of the patient under toler- 
able circumstances. E 39, in the form 
that is soluble in water, promises a bet- 
ter method of application, as has already 
been observed on animals which were 
under constant control for 45 days, It 
could be confirmed by microscopic ex- 
amination that tumors of the size of 
walnuts had decreased considerably. But 
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By HANS WEBER. The experimental 
data of this study have been arranged 
in such a way as to show clearly the 
conditions in the interior of muscles 
and cells necessary for producing con- 
traction on the one hand and relaxa- 
tion on the other. The difference be- 
tween the conditions necessary for the 
movement of certain organelles of cells 
and those for muscular contraction and 
the musclelike contraction of the cells 
has been shown, giving evidence that 
Nature invented several very different 
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one should not be misled by these ex- 
periments, sifice some animals, when 
under treatment, refuse all food. But 
during the experiments described above 
the animals gained weight, which means 
that E 39 has a “tumor specific” effect. 

With surgery we try to eliminate the 
tumorous cells as completely as possible, 
but success is very rare, especially when 
one considers the metastases. Good re- 
sults are also obtained by means of radi- 
ation therapy, but in this treatment one 
must consider that radiation therapy also 
destroys the natural prophylactic forces 
of the body. Therefore the smallest dose 
possible is applied in therapy for malig- 
nant tumors, and one has to be extremely 
careful to hit the tumorous cells only. 
By now it is very well known which 
tumors are best removed through sur- 
gery and which ones should be exposed 
to radiation therapy. Chemotherapy is 
applied only to tumors which can neither 
be removed through surgery nor treated 
with irradiation, and so the chemo- 
therapy has by far the most difficult task 
to accomplish. It therefore cannot be ex- 
pected that all treatments of malignant 
tumors by chemotherapy can be success- 
ful. Lately, intravenous injections of 
ethylenimine compounds have been 
rather successful. Whether the climate 
of the North Sea has something to do 
with the success of these treatments is 





hard to determine. Research is being 
done on these questions at the Univer- 
sity Clinic for Throat, Nose, and Ear 
in Miinster in Westfalen, Germany. 

It must be understood that a body 
stricken with cancer generally is a weak- 
ened organism, a fact which is also to be 
taken into account in regular treatments. 
The individual thus stricken should seek 
rest and a suitable climate for the 
chemotherapeutical, surgical, and radia- 
tion treatments, These requirements are 
even more important for the cancer pa- 
tient than they are for the tuberculosis 
patient. We know from experience that 
in a case of oxygen deficiency—that is to 
say, in a poorly aired room—animal tu- 
mors grow faster than in the climate of 
the North Sea. The living conditions of 
people in big cities become more and 
more unnatural as a result of exhaust 
fumes, dust, and so forth, and thus the 
number of cases of cancer will steadily 
increase. To quote Domagk: “In ther- 
apy we will have to be satisfied, for the 
present at least, with a certain equilib- 
rium between body cell and tumorous 
cell, even if the tumor cannot be com- 
pletely eliminated. We will be satisfied 
if we can slow down its growth, in order 
to preserve the life of the patient longer 
and under bearable conditions. In this 
case too, we have to learn to think more 
physiologically and less naively. The 


chemotherapy of cancer still is in its 
very beginning and will have to be fur- 
ther extended. The observations we have 
collected to the present day show that 
not only leukemia but also carcinomas 
and sarcomas can be influenced through 
cytostatica. This seems to be the most 
important result for the further devel- 
opment of the therapy. The results of 
these experiments can be related to the 
treatment of different malignant tumors 
in man, at least in principle, and this is 
decisive for further experiments.” 


Antibiotics 


“The influence of antibiotics on hu- 
man society has been so tremendous that 
one was almost tempted to call the pres- 
ent era the age of the antibiotics instead 
of the atomic age.” With these words, 
Selman A. Waksman (New Brunswick, 
N.J., U.S.A.), started his talk on the 
social significance of the antibiotics. This 
scientist, who was awarded the Nobel 
prize for physiology and medicine in 
1952, is the discoverer of streptomycin, 
which has shown good results in the 
treatment of tuberculosis in particular. 

Through the progress of practical 
medicine and public health efforts, the 
life expectancy of man, which was 
about 30 years in the 18th century, has 
been increased to about 70 years. If 
medicine continues to develop at the 
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same pace, the life expectancy should 
reach almost 100 years by the end of this 
century. These prolongations of the life 
span can be explained through the fact 
that diseases, particularly in infancy, are 
much better controlled than they used 
to be. Although tuberculosis could be 
controlled to a certain extent one hun- 
dred years ago, nevertheless 500 out of 
every 100,000 persons died (this includes 
deaths in all countries of the world). 
Last year the mortality in the United 
States and in some European countries 
was down to about 10 per 100,000. 
Streptomycin, the first of the drugs used 
in the medical treatment of tuberculosis, 
was soon followed by others, such as 
para-aminosalicylic acid. Lately it has 
been discovered that isonicotinic acid 
hydrazide has healing effects in tuber- 
culosis. Since 1940, the year of the dis- 
covery of the first antibiotic, many epi- 
demics and infectious diseases have 
been treated with great success—diesases 
such as pneumonia, syphilis, typhoid 
fever, typhus, tularemia, undulant fever, 
plague, and cholera. 

The amazing success of the applica- 
tion of antibiotics also caused great so- 
cial changes, which I will discuss shortly. 
The almost complete abolition of dis- 
eases of childhood as a result of the use 
of antibiotics can be shown best in the 
figures on tubercular meningitis. Until 
1946, with no chemotherapy available 
for this disease, the mortality was 100 
percent. In 1947, with the introduction 
of streptomycin, the mortality was 80 
percent. In 1950, with para-aminosalicy- 
lic acid therapy also in use, the mor- 
tality was 50 percent. And in 1953, with 
isonicotinic acid hydrazide complement- 
ing the other two drugs, mortality was 
down to 15 percent. Countries which 
previously had a great mortality among 
infants, which served as a brake on the 
constant rise of the population, now are 
facing serious problems in the fields of 
economics and population policy, such 
as birth control. 

The prolongation of the life span of 
the average human being poses the prob- 
lem of finding ways to look after older 
people and of finding work for them. 
Countries which are already overpopu- 
lated and have a steadily increasing 
number of jobless people face a serious 
social problem. A slow decrease in the 
number of hospitals and sanatoria can 
be predicted. Just consider the formerly 
prolonged treatment of tuberculosis. 
The increased tendency toward ambu- 
latory treatment of patients should not 
be overlooked, either. In the future, a 
short period in the hospital will be fol- 
lowed by treatment on the outside by 
the family physician. Greater safety in 
the use of vaccine preparations has been 
made particularly evident with the de- 
velopment of vaccines against virus in- 
fections such as poliomyelitis. An in- 
crease in the production of food has been 
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made possible through elimination of 
various infectious diseases in plants and 
animals and, moreover, improvements 
in food preservation have been made by 
adding antibiotics to food products. An- 
other tremendous area of progress is that 
of the psychological attitude toward dis- 
ease. There need be, in the future, no 
more panic and fear of epidemics and 
diseases which used to decimate the hu- 
man race. The fact that venereal diseases 
can be controlled harbors also a great 
danger and may lead to an unimagin- 
able degree of carelessness concerning 
mental and physical hygiene. The ap- 
pearance of certain new diseases needs 


definite attention. This fact is connected 
with the reduction of natural resistance. 
Nevertheless, one should not overempha- 
size this problem. 

The situation of the physicians has 
changed too. They have at their disposal 
a great many antibiotics which they can 
use, but they have to judge in each case 
whether, by killing the primary cause of 
the disease, they may not activate a sec- 
ondary disease germ. No _ physician 
should allow himself to let antibiotics re- 
place his reasoning. 

The extensive use of antibiotics is an- 
other social aspect. In the first place, 
there exists the tendency toward self- 
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temperatures to —70°F. 
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able for specific requirements. 
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the outstanding advantages of TIME LABELS. 
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treatment. Then there is the patient’s 
expectation of a rapid cure, and if it is 
not forthcoming, he blames the physi- 
cian or the antibiotic. As Waksman re- 
marked, “In the case of severe chronic 
diseases or diseases of unknown etiology, 
such as cancer, many have come to ex- 
pect miracles from newly discovered 
antibiotics and other drugs. Excessive 
promises have been made, even to the 
effect that ‘cures’ will be forthcoming 
after so much money has been spent for 
research.” 

Paul Hermann Miiller (Basel, Switz- 
erland), who was awarded the Nobel 
prize in 1948 for his discovery of DDT 
as a contact poison, talked about the 
further development of the antibiotics 
and application in agriculture. Ever 
since 1942, the so-called “antibiotics 
era,’ more than 3500 different sub- 
stances with antibiotic effect have been 
discovered, but only 17 preparations 
have been made available commercially. 
It is surprising to see their fast spread 
and increased use in many fields. Since 
1950, the production of these extremely 
helpful chemicals has tripled. 

New applications for the protection 
of staple goods and plants, and in agri- 
culture, are constantly found. In the use 
of antibiotics for plant protection, the 
most limited range of action is against 
fungi; yet the fungus diseases are more 
important than the bacteria against 
which the antibiotics have a relatively 
broad range of action. 

One of the few antbiotics with a defi- 
nite fungicide effect is cycloheximid or 
actidion, which is a by-product in the 
production of streptomycin. Actidion is 
effective against mildew and mint rust 
and is also used against the disease of 
cherry trees (Schrotschuss) caused by 
Clasteroporium carpophilum AD. In 
contradistinction to inorganic fungicides 
it can be used on fruit-bearing trees. For 
the protection of stored food, and in ani- 
mal breeding, antibiotics are used more 
and more. In 1954 about 250 tons were 
added to animal food, as a growth stimu- 
lant. The cause of this effect, however, 
could not be explained definitely. Thus 
it is understandable that a certain skep- 
ticism still prevails. 

New experiments, carried on mostly in 
Germany, show that effects similar to 
those produced by antibiotics can be ob- 
tained with ordinary substances (for ex- 
ample, nasturtium or horseradish) with- 
out side effects (for example, change in 
the intestinal flora). 

The addition of antibiotics to easily 
perishable foods also presents a certain 
danger, which should not be overlooked; 
it creates the possibility that human 
beings may be constantly given small, 
uncontrolled amounts of antibiotics. As 
a result, there is the possibility of a 
gradual development of resistance by 
important pathogenic bacteria. Besides 
this, a change in the intestinal flora may 
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also appear. In view of these reasons, 
it is forbidden in the United States to 
add antibiotics to uncooked food. 

In the last three years, more anti- 
biotics have been introduced; these I 
will mention briefly: 

Cycloserine: This has a very broad 
range of action on Gram-positive and 
Gram-negative bacteria and against 
strains of Mycobacterium tuberculosis. 
It is a 4-amino-3-isoxazolidon with a 
relatively good stability in an alkaline 
environment, and has the following 
structure: 


® 
H.C——CH—NHs3 
© C 
N’ , Oo? 


Gonyleptidin: This antibiotic was 
isolated from the glands of a South 
African spider of the Gonyleptidae 
family, and is effective against 18 kinds 
of bacteria. It consists of a mixture of 
various benzochinones in which 2,3-di- 
methyl-, 2,5-dimethyl-, and 2,3,5-tri- 
methyl benzochinone predominate. 

Cefaranthin: This is an alkaloid and 
antibiotic, isolated from the roots of the 
Stephania cepharantha Hayata. It is ef- 
fective as a preventive for tuberculosis, 
leprosy, and whooping cough, and inac- 
tivates snake poison and toxine of 
tetanus. It has the following structure: 
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In this connection, gibberellic acid 
should also be mentioned. This is not a 
real antibiotic but, in very small 
amounts, has physiological effects. The 
active material, which is extracted from 
the mushroom Gibberella fujkuroi, 
strongly influences the growth of plants. 
In this way the growth of geraniums, 
roses, sunflowers, beans, pepper, corn, 
and so on, can be tripled after 4 weeks 
of treatment. But for application on a 
large scale in agriculture, more practical 
experience with this new product is 
needed. 

H. Rortta 
Stuttgart, Germany 


We are indebted to Mrs. Heidi Steffen 
of Purdue University for translating this 
report from the German. 


Forthcoming Events 


November 


12-15. Society of Naval Architects and 
Marine Engineers, 66th annual, New 
York, N.Y. (W. N. Landers, SNAME, 74 
Trinity Pl., New York 6.) 

16-21. Radiological Soc, of North 
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The brilliantly acclaimed paperback series in which news 


from the frontiers of scientific investigation is reported by 
men closely involved with the work described. $1.45 each 


N a review of Scientific American books, 
The Bulletin of the Atomic Scientists 

says they are “of interest not only to the 
non-scientist but to the professional who 
wants to be au courant with the ‘latest 
developments outside his specialization.” 

Each book, as you may know, is a topi- 
cal collection of articles from Scientific 
American magazine, arranged to form an 
integrated report on current activity in 
one major field. 

“The array of talent assembled for this 
project” says The New York Times “is 
nothing short of spectacular. The reader 
expects authoritative writing from such a 
group and he is not disappointed. In ad- 
dition there is communication of a high 
order.” 

Result: Scientists, teachers, engineers 
and students (the series is increasingly 
finding its way into the colleges) have to 
date bought more than 440,000 copies. 


Here are the books. 
The coupon will bring them to you. 


ATOMIC POWER. How nuclear reactors 
will be used to light homes and turn the 
wheels of industry. 180 pages. 15 diagrams. 
AUTOMATIC CONTROL. The mechanical 
“nervous systems” that make machines and 
factories regulate themselves. 148 pages. Illus. 
LIVES IN SCIENCE. Biographies of 18 
men of science from Galileo to Srinivasa 
Ramanujan. 288 pages, with portraits in line. 
THE NEW ASTRONOMY. A view of the 
four-dimensional universe via the great new 
telescopes. 243 pages with drawings, diagrams. 





Poa === MAIL THE COUPON TODAY ==——=—————-~ 


| To your bookseller, or 


Atomic Power 


SIMON AND SCHUSTER, Dept. S, 630 Fifth Avenue, New York 20, N. Y. 


Please send me the following Scientific American Books at $1.45 each. 


New Chemist 


NEW CHEMISTRY. New elements, new 
reactors, new compounds — straight from the 
laboratory into industry. 244 pages. Diagrams. 
THE PHYSICS AND CHEMISTRY OF 
LIFE. Life is explained in terms of molecules 
that make up cells and tissues. 270 pp. Illus. 
THE PLANET EARTH. Forces, tides, and 
currents that stir our planet’s core, crust, 
oceans and atmosphere. 176 pages. Illustrated. 
PLANT LIFE. How plants furnish invaluable 
laboratory subjects for research into problems 
basic to the study of human life. 256 pp. Illus. 
A TWENTIETH CENTURY BESTIARY. 
A new look at animal behavior — from the 
bee’s language to curiosity in monkeys. Illus. 
THE UNIVERSE. How the two contending 
schools of modern cosmology put their theo- 
ries to the test of observation. 160 pp. Illus. 





The big 626-page SCIENTIFIC 
AMERICAN READER is now available 
in a paperback edition at only $2.25 


50 articles from Scientific American mag- 
azine are arranged to give the reader a 
wide view of today’s scientific knowledge 
in virtually every area of research from 
the human brain to the split atom. The 
Times calls The Reader “‘in every respect 
a most useful and exciting book.”’ Paper- 
bound $2.25. Clothbound edition $6.50 











We're confident that you'll find these books 
both valuable and enjoyable. Order them 
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lighted, return them for refund. 

— SIMON AND SCHUSTER 
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America, Chicago, Ill. (D. S. Childs, 713 
E. Genesee St., Syracuse, N.Y.) 

16-23. Scientific Information, intern. 
conf., Washington, D.C. (Mrs. M. Shep- 
pard, Intern. Conf. on Scientific Informa- 
tion, Natl. Acad. of Sciences—Natl. Re- 
search Council, 2101 Constitution Ave., 
Washington 25.) 

17-19. Association of Military Sur- 
geons of the U.S., Washington, D.C. (R. 
E. Bitner, Suite 718, New Medical Bldg., 
1726 Eye St., NW, Washington 6.) 

17-20. Conference on Magnetism and 
Magnetic Materials, Philadelphia, Pa. (H 
B. Callen, Dept. of Physics, Univ. of 
Pennsylvania, Philadelphia. ) 

17-22. Radiological Soc. of North 
America, Chicago, Ill. (D. S. Childs, Sr., 
713 E. Genesee St., Syracuse 2, N.Y.) 

18-20. Air Pollution, 1st natl. conf., 
Washington, D.C. (Dept. of Health, Edu- 
cation, and Welfare, U.S. Public Health 
Service, Washington 25.) 

18-20. Standards, 9th natl. conf., New 
York, N.Y. (American Standards Assoc., 
70 E. 45 St., New York, N.Y.) 

18-21. Weather Radar 
Miami Beach, Fla. (K. C. Spengler, 
American Meterological Soc., 3 Joy St., 
Boston 8, Mass. ) 

18-22. Pan-American Dental Cong., 
Mexico City, Mexico. (Association Dental 
Mexicana, Sinaloa 9, Mexico 7, DF, 
Mexico. ) 

19-21. Electrical Techniques in Medi- 
cine and Biology, 11th annual conf., Min- 
neapolis, Minn. (O. H. Schmitt, Univ. of 
Minnesota, Minneapolis. ) 

20-22. Acoustical Soc. of America, 56th 
meeting, Chicago, Ill. (K. Kramer, 3839 
Grand Ave., Western Springs, Ill.) 

20-22. American College of Cardiology, 
New Orleans, La. (P. Reichert, Empire 
State Bldg., New York 1.) 

20-22. International Symp. on Tuber- 
culosis, Philadelphia, Pa. (M. J. Schwartz, 
Deborah Sanatorium & Hospital, 642 Wid- 
ener Bldg., Philadelphia 7.) 

20-23. American Anthropological As- 
soc., Washington, D.C. (W. S. Godfrey, 
Jr., APA Logan Museum, Beloit College, 
Beloit, Wisc.) 

20-23. European Confederation of Ag- 
riculture, Vienna, Austria. (M. H. Abegg, 
Confédération Européenne Agriculture, 
Brougg (Argovie), Switzerland. ) 

21-22. American Soc. of Animal Pro- 
duction, annual, Chicago, Ill. (H. H. 
Stonaker, Animal Husbandry Dept., Colo- 
rado State Univ., Fort Collins, Col.) 

24-26. Fluid Dynamics, division of 
American Physical Soc., San Diego, Calif. 
(R. J. Emrich, Dept. of Physics, Lehigh 
Univ., Bethlehem, Pa.) 

24-26. Mechanisation of Thought Proc- 
esses, symp., Teddington, Middlesex, Eng- 
land. (The Secretary, Natl. Physical Lab., 
Teddington, Middlesex. ) 

24-6. Plant Specialists, 4th Latin Amer- 
ican conf., Santiago, Chile. (R. Cortazar, 
Departmento de Investigaciones Agrico- 
las, Ministerio de Agricultura Casilla 
4088, Santiago, Chile.) 

27-29. Central Assoc. of Science and 
Mathematics Teachers, 58th annual, In- 
dianapolis, Ind. (N. G. Sprague, Indian- 
apolis Public Schools, 1644 Roosevelt 
Ave., Indianapolis 18.) 
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28-6. International Conf. of Social 
Work, 9th intern., Tokyo, Japan. (J. R. 
Hoffer, Intern. Conf. of Social Work, 345 
East 46 St., New York 17, N.Y.) 

30-5. American Soc. of Mechanical 
Engineers, 79th annual, New York, N.Y. 
(O. B. Schier, ASME, 29 W. 39 St., New 
York 18.) 


December 


1-3. American Soc. of Refrigerating 
Engineers, New Orleans, La. (R. C. Cross, 
ASRE, 234 Fifth Ave., New York 1.) 

1-4, Entomological Soc. of America, 
Salt Lake City, Utah. (R. H. Nelson, 1530 
P St., NW, Washington, D.C.) 

1-5. American Rocket Soc., 13th an- 
nual, New York, N.Y. (A. F. Denham, 
925 Book Bldg., Detroit 26, Mich. ) 

2. Scientific Study of Glass, 11th tech- 
nical meeting of the European Union, 
Paris, France. (Société frangaise de cé- 
ramique, 44, rue Copernic, Paris 16°.) 

2-4. Electric Steel Furnace Conf., 17th, 
Cleveland, Ohio. (E. O. Kirkendall, 
AIME, 29 W. 39 St., New York 18.) 

2-5. American Medical Assoc., clinical 
meeting, Minneapolis, Minn. (G. F. Lull, 
535 N. Dearborn St., Chicago, II.) 

3. Animal Care Panel, 9th annual, Chi- 
cago, Ill. (R. J. Flynn, Argonne Natl. 
Laboratory, Lemont, Ill.) 

3-5. American Inst. of Electrical En- 
gineers, St. Petersburg, Fla. (N. S. Hib- 
sham, AIEE, 33 W. 39 St., New York 18.) 

3-5, Eastern Joint Computers Conf., 
Philadelphia, Pa. (G. W. Bailey, IRE, 1 
E. 79 St., New York 21.) 

3-5. Global Communications, 2nd natl. 
symp., St. Petersburg Beach, Fla. (M. R. 
Donaldson, 1501 72 St. N., St. Peters- 
burg. ) 

4-5. Vehicular Communications, an- 
nual, Chicago, Ill. (G. W. Bailey, IRE, 1 
E. 79 St., New York 21.) 

5-7. American Psychoanalytic Assoc., 
New York, N.Y. (J. N. McVeigh, APA, 
36 W. 44 St., New York 36.) 

6. American Rheumatism Assoc., Roch- 
ester, Minn. (E. F. Hartung, ARA, 580 
Park Ave., New York, N.Y.) 

6-11. American Acad. of Dermatology 
and Syphilology, Chicago, Ill. (R. R. Kier- 
land, Mayo Clinic, Rochester, Minn. ) 

7-10. American Inst. of Chemical En- 
gineers, annual, Cincinnati, Ohio. (F. J. 
Van Antwerpen, 25 W. 45 St., New York, 
N.Y.) 

8-10. American Nuclear Soc., winter, 
Detroit, Mich. (ANS, P.O. Box 963, Oak 
Ridge, Tenn.) 

9-10. Conference on Learning Effec- 
tiveness, Univ. of Pennsylvania, Philadel- 
phia, Pa. (Air Force Office of Scientific 
Research, Air Research and Development 
Command, U.S. Air Force, Washington 
1 

10-16. American Acad. of Optometry, 
annual, Boston, Mass. (C. C. Koch, 1502 
Foshay Tower, Minneapolis, Minn.) 

12-13. Association for Research in 
Nervous and Mental Disease, annual, New 
York, N.Y. (R. J. Masselink, 700 W. 168 
St., New York 32.) 

15-17. American Soc. of Agricultural 
Engineers, winter, Chicago, Ill. (J. L. 
Butt, American Soc. of Agricultural En- 
gineers, St. Joseph, Mich. ) 
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A new low in high vacuum 
gauging 2 x 10° mm Hg 


Now you can read a vacuum system con- 
tinuously through the entire range of 
1 x 10° to 2 x 10°! mm Hg on eight 
decades. 

A new emission control circuit on the 
CEC GIC-100 gauge makes it possible 
to cover this broad range with amazing 
accuracy. With this new control you can 
vary emission from 25 microamperes to 
20 millamperes over three separate 
ranges. 

Thus you get a greatly reduced emis- 
sion current which makes for longer tube 
life, less ion pumping, and minimum 
X-ray effects at ultra low pressures. 


Since you can degas either by resist- 
ance or by electron bombardment, it’s 
possible to use any standard ionization 
tube with this gauge. 

The accessories available include a 
one- or two-station thermocouple circuit 
to read from 1 to 1000 microns. There are 
provisions for a recorder to read both the 
thermocouple stations and the ionization 
tube output. 

For more information on the GIC-100 
and 17 other types in the line of CEC 
high-vacuum gauges charted below, 
write for Bulletin 9-1. This new 28-page 
brochure describes them all in detail. 
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Atbarene Stone Table Tope Provide 
Natural Surface for Space Research 





Alberene Stone is the only per- 
manently satisfactory surface 
for the new metallurgical, 
solid fuel and nuclear research 
programs. It is a natural sili- 
cate stone. Its surface goes all 
the way thru — and gives full 
protection straight thru drilled 
holes. It has no surface glaze 
to chip, crack or peel. Doesn't 
spall or warp. It requires no 
surface treatment. 

Alberene Stone has a low 





absorbency rate of 0.15%. Its 
chemically-resistant, all-sili- 
cate mineral components make 
it practically nonstaining. 
Slight stains can be removed 
by scouring or honing without 
harm to the surface. It re- 
quires no maintenance. 

For full information and 
technical assistance address: 
Alberene Stone Corporation, 
386 Fourth Avenue, New York 
16, N. Y., Dept. S. 
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15-19. Radiation Biology, 2nd Austra- 
lian conf., Melbourne, Australia. (J. H. 
Martin, Physics Dept., Cancer Inst. 
Board, 483 St. Lonsdale St., Melbourne, 
Victoria. ) 

17. Institute of Aeronautical Sciences, 
Washington, D.C. (R. R. Dexter, IAS, 2 
E. 64 St., New York 21.) 

18-20. American Physical Soc., Los 
Angeles, Calif. (K. K. Darrow, APS, Co- 
lumbia Univ., New York 27.) 

26-31. American Assoc. for the Ad- 
vancement of Science, annual, Washing- 
ton, D.C. (R. L. Taylor, AAAS, 1515 
Massachusetts Ave., NW, Washington 
5, D.C.) 





The following 47 meetings are being 
held in conjunction with the AAAS an- 
nual meeting. 

AAAS Committee on the Social Aspects 
of Science (C. D. Leake, Ohio State Univ. 
College of Medicine, Columbus, Ohio). 
27 Dec. 

AAAS Cooperative Committee on the 
Teaching of Science and Mathematics (J. 


W. Buchta, Univ. of Minnesota, Minne- . 


apolis, Minn.). 28 Dec. 

Academy Conf. (J. A. Yarbrough, 
Meredith College, Raleigh, N.C.). 27-28 
Dec. 

Alpha Epsilon Delta (M. L. Moore, 7 
Brookside Circle, Bronxville, N.Y.). 27 
Dec. 

American Assoc. of Clinical Chemists 
(Miss E. G. Frame, Clinical Center, Natl. 
Institutes of Health, Bethesda 14, Md.). 
29-30 Dec. 

American Assoc. of Scientific Workers 
(R. J. Rutman, 6331 Ross St., Philadel- 
phia 44, Pa.). 

American Astronautical Soc. (R. Flei- 
sig, 58 Kilburn Rd., Garden City, N.Y.). 
27-30 Dec. 

American Geophysical Union (W. E. 
Smith, AGU, 1515 Massachusetts Ave., 
NW, Washington 5). 

American Meteorological Soc. (K. 
Spengler, 3 Joy St., Boston, Mass. ). 

American Nature Soc. (S. Mulaik, Bi- 
ology Dept., Univ. of Utah, Salt Lake 
City). 26-30 Dec. 

American Physiological Soc. (F. A. 
Hitchcock, Ohio State Univ., Columbus). 

American Political Science Assoc. (E. 
M. Kirkpatrick, APSA, 1726 Massachu- 
setts Ave., NW, Washington, D.C.). 27 
Dec. 

American Psychiatric Assoc. (L. J. 
West, Univ. of Oklahoma School of Medi- 
cine, Oklahoma City 4). 27-28 Dec. 

American Soc. of Criminology (D. E. 
J. MacNamara, Dean, New York Inst. of 
Criminology, Inc., 40 E. 40 St., New York 
16). 27-28 Dec. 

American Soc. of Naturalists (J. 
Schultz, Inst. for Cancer Research, Phila- 
delphia, Pa.). 

American Soc. of Photogrammetry (R. 
G. Ray, U.S. Geological Survey, Washing- 
ton 25). 29 Dec. 

American Soc. of Zoologists (G. Mo- 
ment, Dept. of Biology, Goucher College, 
Towson, Baltimore 4, Md.). 27-29 Dec. 

American Sociological Soc. (K. Davis, 
Inst. of International Studies, Univ. of 
California, Berkeley 4). 29 Dec. 

Association of American Geographers, 
Middie Atlantic Div. (J. E. Guernsey, 
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Dec. 

Association for Computing Machinery 
(J. Douglas, Mathematics Dept., Rice 
Inst., Houston, Tex.). 

Astronomical League (Miss 
Scholz, 410 Mason Hall Apts., 
dria, Va.). 26 Dec. 

Biometric Soc. (J. Cornfield, Johns 
Hopkins Univ., Baltimore, Md.). 30 Dec. 

American Statistical Assoc. (E. Glazer, 
305 George Mason Dr., Falls Church, 
Va.). 30 Dec. 

Conference on Scientific Communica- 
tion Problems (G. L. Seeilstad, Technical 
Reports Group, Applied Physics Lab., 
Johns Hopkins Univ., Silver Spring, Md.). 
28-30 Dec. 

Conference on Scientific Manpower (T. 
J. Mills, National Science Foundation, 
Washington 25). 30 Dec. 

Ecological Soc. of America (D. E. 
Davis, Johns Hopkins Univ., School of 
Hygiene, Baltimore, Md.). 

History of Science Soc. (M. C. Leikind, 
1334 Aspen St., NW, Washington 12). 29 
Dec. 

Instrument Soc. of America (O. L. 
Linebrink, Battelle Memorial Inst., Co- 
lumbus, Ohio). 30 Dec. 

International Geophysical Year (H. 
Odishaw, National Acad. of Sciences, 
Washington 25). 29-30 Dec. 

Junior Scientists Assembly (K. C. John- 
son, Supervising Director of Science, Dis- 
trict of Columbia Public Schools, Wood- 
row Wilson High School, Washington 16). 
27-28 Dec. 

Metric Assoc. (J. T. Johnson, 694 W. 
11 St., Claremont, Calif.). 

National Acad. of Economics and Po- 
litical Science (D. P. Ray, Hall of Gov- 
ernment, George Washington Univ., 
Washington, D.C.). 27 Dec. 

National Assoc. of Biology Teachers 
(P. Klinge, Jordan Bldg., Indiana Univ., 
Bloomington). 26-30 Dec. 

National Assoc. for Research in Science 
Teaching (E. S. Obourn, U.S. Office of 
Education, Washington 25). 26-30 Dec. 

National Assoc. of Science Writers (J. 
Billard, U.S. News and World Report, 
Washington, D.C.). 

National Geographic Soc. (W. R. Gray, 
NGS, 16 and M Sts., NW, Washington 
6). 30 Dec. 

National Science Teachers Assoc. (W. 
A. Kilgore, District of Columbia Teachers 
College, Washington 9). 26-30 Dec. 

National Speleological Soc. (W. E. 
Davies, 125 Greenway Blvd., Falls Church, 
Va.). 28-29 Dec. 

Philosophy of Science Assoc. 
Churchman, Case Inst. 
Cleveland, Ohio). 

Pi Gamma Mu (Mrs. Effie B. Urghart, 
Winfield, Kan.). 

Scientific Research Soc. of America 
(D. B. Prentice, 56 Hillhouse Ave., New 
Haven 11, Conn.). 

Sigma Delta Epsilon (Mrs. V. L. Black- 
ford, 2630 Adams Mill Rd., NW, Wash- 
ington 10), 26-30 Dec. 

Society for General Systems Research 
(R. L. Meier, Mental Health Research 
Inst., Univ. of Michigan, Ann Arbor). 
29 Dec. 

Society for Industrial Microbiology, 
Washington section (W. N. Ezekiel, Bur. 
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of Mines, Washington 25). 27-28 Dec. 

Society of the Sigma Xi (T. T. Holme, 
56 Hillhouse Ave., New Haven 11, 
Conn.). 29 Dec. 

Society of Systematic Zoology (G. W. 
Wharton, Dept. of Zoology, Univ. of 
Maryland, College Park) .26—30 Dec. 

United Chapters of Phi Beta Kappa 
(C. Billman, 1811 Q St., NW, Washing- 
ton, D.C.). 27 Dec. 

Washington Acad. of Sciences (G. W. 
Irving, ARS, U.S. Dept. of Agriculture, 
Washington 25). 





27-29. American Economic ‘Assoc., Chi- 
cago, Ill. (J. W. Bell, AEA, Northwestern 
Univ., Evanston, Ill.) 


27-29. Econometric Soc., Chicago, Ill. 
(R. Ruggles, Box 1264 Yale Station, Yale 
Univ., New Haven, Conn.) 

27-30. American Folklore Soc., New 
York, N.Y. (MacE. Leach, AFS, Univ. of 
Pennsylvania, Philadelphia, Pa.) 

28-30. Archaeological Inst. of America, 
Cincinnati, Ohio. (L. A. Campbell, AIA, 
Dept. of Classics, Brooklyn College, Brook- 
lyn, N.Y.) 

29-30. National Council of Teachers 
of Mathematics, New York, N.Y. (M. H. 
Ahrendt, NCTM, 1201 16 St., NW, Wash- 
ington 6.) 

28-30. Western Soc. of Naturalists, 
Seattle, Wash. (J. P. Harville, San Jose 
State College, San Jose 14.) 








In a PHASE ~CAMERA -~ MICROSCOPE 
Only UNITRON offers all three: 
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UNITRON’S Phase-Camera-Microscope Model BU-13 
as described including binocular body; 8 phase ob- 
jectives 10X, 20X, 40X, 100X oil, in both bright and 
dark contrast; paired visual eyepieces RSX, PIOX, 
Kel5X; focusing telescope; four photographic eye- 
pieces 10X, 15X, 20X, Micrometer; phase condenser; 
filters; polarizing accessories; special glassware, etc. 


Monocular Model U-13 


FREE 10-DAY TRIAL 


THE TREND IS TO UNITRON 


Vv CONVENIENCE 
v VERSATILITY 
V ECONOMY 


UNITRON'S unique Phase-Camera-Microscope will assure 
you a CONVENIENCE of operation impossible to duplicate 
with a conventional microscope stand. For example, a 
specimen consisting of a tissue culture or aqueous solution 
may be examined in the very petri dish in which it has been 
prepared. Merely place the dish on the microscope stage; 
examine the contents visually, project the image on the 
viewing screen, or photograph — all in rapid sequence 
and at magnifications up to 2000X. With the inverted 
design, there is no need to contend with slipping cover 
glasses or evaporating fluids. Using the phase optics, 
you dispense with messy chemical staining. Aided by the 
self-contained illumination system and built-in cameras, you 
eliminate troubl problems of ali t and vibrati 
UNITRON'S Phase-Camera-Microscope, optically equipped 
for Bright and Dark Phase Contrast, bright and dark field, 
and polarized light, offers the microscopist a working tool 
of unmatched VERSATILITY. The overhead turret phase 
condenser is centerable, divisible, and provides long 
working distances sufficient even for micro-manipulation. 
Provision is included for four different cameras — 3%" 
x 4%", 35mm., Polaroid, and motion picture. Available at 
extra cost are macro accessories for magnifications as 
low as 5X and accessories for opaque specimens. This 
UNITRON model meets not only your urgent needs of 
today —its versatility is your assurance of continued 
usefulness in the future. 

UNITRON'S Phase-Camera-Microscope is the ideal all- 
purpose instrument for visual examination, viewing, and 
photo-recording. C I d with an imp 

array of optics, its cost is actually lower than that of a 
conventional phase stand, camera and illuminator — true 
ECONOMY for any laboratory. 








r bs tt 


WiLL S rye ot 


IUNITRON| 


INSTRUMENT DIVISION OF UNITED SCIENTIFIC CO. 
204-206 MILK STREET - BOSTON 9, MASSACHUSETTS 


Please rush UNITRON’s Microscope Catalog 
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FERMENTOR DRIVE ASSEMBLY 
For laboratory and pilot plant application 


e Aerobic or Anerobic Fermentations e Tissue Cultures 


e Other Metabolic Studies in Submerged Cultures 











i Holds 6 FERMENTORS—stainless steel with pyrex jars of 
i capacities 5, 7.5 or 14 liters each; readily removable 
for autoclaving; special leak-proof, non-freezing ball 
bearing agitator housings. 
Stainless steel baths, thermostatically controlled within + 1/)°C. 
Twin drives afford wide range of agitation and aeration rates. 
Machine available with automatic anti-foam addition system. Single 
and 3-fermentor drive assemblies also available. 
Write for Bulletin FS-S1 


NEW BRUNSWICK SCIENTIFIC CO. 





P.O. BOX 606 e NEW BRUNSWICK, N. J. 





' 
| 
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PRODUCTS SERVICES 


Reticles * Precise Photography * Pre- 
cision Patterns on Glass and Metal ° 


Photoelectric Readout Devices * Opti- 























AAAS SYMPOSIUM VOLUMES 


6” x 9”, illustrated, clothbound 


The Species Problem, 404 pp., 1957 ............ $8.75 
Atomic Energy and Agriculture, 460 pp., 1957 .. 9.50 
The Beginnings of Embryonic Development, 408 

2) il 2 aa apr er Lari on Lee gle 8.75 
Alcoholism, 220° pp.,..1997) 5. sarc Gane senaen 5.75 
Tranquilizing Drugs, 205 pp., 1957 ........... 5.00 
Venoms, 200 spps, 1950" ooo caer e ce sare ees 9.50 
The Future of Arid Lands, 464 pp., 1956 ....... 6.75 
Water for Industry, 140: pp., 1956. ......5 5... 3.75 
Psychopharmacology, 175 pp., 1956 ........... 3.50 
Luminescence of Biological Systems, 466 pp., 1955 7.00 
Advances in Experimental Caries Research, 246 

pp., 1959). dic 28 oo epee eee ha 6.75 
Antimetabolites and Cancer, 318 pp., 1955 ...... ost 
Monomolecular Layers, 215 pp., 1954 .......... 4.25 
Fluoridation as a Public Health Measure, 240 pp., 

MOBS oni. ete ise bre atelatal yet sa cool econ at A 
Industrial Science, 160 pp., paperbound, 1952... 2.00 


742” x 1042”, double column, illustrated, clothbound 
Gentennial, S19 pp., 1900) hiss Miocene 
Mammary Tumors in Mice, 231 pp., 1945 ...... 


AAAS, 
1515 Mass. Ave., NW, Washington 5, D.C. 




















-AMERICAN-LINCOLN 


ANIMAL CAGES 


and INCUBATORS 


e American-Lin- 
coln animal cages 
of all types rang- 
ing from single 


units to large four 






compartment sizes. Special cages, 
spare pans, racks, etc., built to order. 
Incubators for egg embryo and con- 
tainer work used by America’s lead- 


ing scientific institutions. 





cal Coincidence Reading Systems * 


Precision Circular, Cylindrical and 
Linear Dividing + Electroforming of 
Precise Patterns * Precision Grids + 
Engineering and Surveying Instru- 
ments * Hydrological and Meteorologi- 
cal Instruments * Paper Testing Instru- 
ments * Optical Instruments + Stand- 


ard Weights and Measures 


W. & L. E. GURLEY, 538 FULTON STREET, 
TROY, N.Y. 
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Whatitis... 
What to use... 
How to doit... 


For free 24-page book, 
ask for Bulletin S-200 


BRANSON ULTRASONIC CORPORATION 
35 Brown House Rd. © Stamford, Conn. 








Write for New Catalog 


AMERICAN-LINCOLN 
INCUBATOR CO. 


Dept. AS 
NEW BRUNSWICK, N.J. 
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||| GLASS ABSORPTION ||” 
CELLS "° KLETT 
by 
the only complete line of 
microbiolo gical reagents and media 
) 
’ Culture Media 
) Microbiological Assay Media 
) Tissue Culture and Virus Media 
) Serological and Diagnostic Reagents 
) Bacterial Antisera and Reagents 
) Sensitivity Disks Unidisks 
) Peptones Hydrolysates Amino Acids 
Enzymes Enrichments Dyes Indicators 
: Carbohydrates Biochemicals 
5 Over 60 years’ experience 
) in the preparation of Difco products 
; assures 
0 Makers of Complete Electrophoresus Apparatus UNIFORMITY STABILITY 
o SCIENTIFIC APPARATUS, ECONOMY 
0 Cobidanetere -- Naphsodadtrs —- Fhealiaesters — Complete Stocks Fast Service 
0 cin cae — Glass Stand- 24-hour Shipment 
Difco Manual and other descriptive 
- literature available on request 
Klett Manufacturing Co. : 
179 East 87 Street, New York, New York DIFCO LABORATORIES 
—— DETROIT 1, MICHIGAN 























Aloe-Narda Ultrasonic 
Cleaning Equipment is 
Fast / Low Cost / Efficient 


The right generator plus the proper transducerized tank 
furnishes the ideal ultrasonic system for cleaning almost any- 





thing you can think of . . . Glassware, hot lab apparatus, medical 
AES, instruments, electronic components, optical and technical mech- 
rder. anisms .. . and so on. Whatever the problem, these ultrasonic 
cotil systems can be the answer to doing it faster, cheaper, and more 
efficiently. 
lead- y 


Operation is simple and easy. Just plug into any 115V, 60 
cycle outlet. Fill the tank. Add detergent. Flip the switch. 
Immediately, swift precision cleaning economies are yours. 
Excellent for other purposes too — like brightening, polishing, 
decontaminating, pickling, deburring, plating and degassing. 


To determine the exact model you need, write 
for prices and more details, now. 


LN 





aloe scientific pivision oF A. s. ALOE COMPANY 


5655 Kingsbury e St. Louis 12, Missouri 
Fully-Stocked Divisions Coast to Coast 
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Equipment 


The information reported here is obtained 
from manufacturers and from other sources con- 
sidered to be reliable. Science does not assume 
responsibility for the accuracy of the informa- 
tion. A coupon for use in making inquiries con- 
cerning the items listed appears on page 922. 


MOVEN operates at temperatures up to 
300°F. Chamber size is 3 by 36 by 48 
in. Air is circulated by a 1500 ft?/min 
fan operated by a 1 hp three-phase 
motor, A 7-day timer and a circular 
chart recorder are provided. (Pereny 
Equipment Co., Dept. 412) 


™ COLD-J UNCTION COMPENSATOR is appli- 
cable to thermocouple devices. In use, 
the measuring thermocouple is con- 
nected to the input terminals of the 
compensator, the measuring device to 
the output terminals. When a selector 
switch is set for the type of thermo- 
couple, a temperature-sensitive Wheat- 
stone bridge in the compensator pro- 
duces the necessary compensating volt- 
age. Compensation accuracy is +1°F in 
ambient levels from 32° to 120°F. The 
instrument weighs 6 lb and measures 
53% by 8 by 5 9/16 in. (Technique Asso- 
ciates, Inc., Dept. 405) 

















IMPROVED SAMPLING 
PROCEDURES WITH 
BAIRD-ATOMIC’S 


FLAME PHOTOMETER 


Papers recently published are available on newly 
developed sampling techniques using the standard, 
B-A Flame Photometer. These papers are: 

FCA-1 Procedures for Calcium Determina- 


tions 


FPK-1 Sodium and Potassium Determina- 
tions from the same dilution. 


More B-A Flame Phctometers are in use than all 

other makes combined because: 

& SIMPLICITY of operation allows very 
rapid work — 80 or more determinations 
can be made in an hour. 

e REPRODUCIBILITY within +% of 1%, 


normal operation. 


HIGH SENSITIVITY of the instrument 
permits detection of as little as 0.004 mEq/L. 
é 10 TIMES GREATER ACCURACY with 
B-A’s Multilayer interference filters than 


with standard filters. 


Send for the papers on the new techniques and 
procedures using B-A’s Flame Photometer. 


Baird-Atomic, Inc. 





33 UNIVERSITY RD., CAMBRIDGE 38, MASS. 
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™ ACCELEROMETERS are capable of con- 
tinuous operation at temperatures from 
-100° to +500°F with accuracy +5 
percent of reading. Bender-type piezo- 
electric elements are used with resonant 
frequencies as high as 30 kcy/sec and 
senstivities up to 10 mv/g. Ranges cov- 
ered are 0.01 to 1000 g and 3 to 10,000 
cy/sec. (Gulton Industries Inc., Dept. 
391) 


™ DIGITAL BAROMETER is a null-balancing 
electromechanical instrument that pro- 
vides five-place readings of atmospheric 
pressure. The instrument operates on 
the weigh-beam principle in which 
transfer of barometer fluid from one 
column to another causes an unbalance 
moment that actuates a servo motor to 
restore equilibrium. Resolution is 1 in 
30,000; repeatability, 0.002 in.-Hg. Out- 
puts other than digital are available. 
(Dynametrics Corporation, Dept. 400) 


™ PRESSURE TRANSDUCER uses proving- 
ring principle and a four-arm strain- 
gage bridge. The transducer will handle 
most gases and also extremely corrosive 
liquids. Pressure ranges are 300 to 10,- 
000 Ib/in.? gage. Linearity is 0.25 per- 
cent, hysteresis 0.5 percent. Ambient 
temperature may be —65° to 250°F. 
Natural mechanical frequency for the 
300 lb/in.? range is 2500 cy/sec. (Taber 
Instrument Corp., Dept. 404) 


™ FLOW-METERING SYSTEMS provide rate 
and totalizing indication and introduce 
pressure drops less than 2.5 lb/in?. Im- 
peller-type transmitters are used to sense 
flow. The transmitters are available in 
stainless steel or aluminum alloy with 
temperature range from less than 
-350°F to greater than +300°F. Ac- 
curacy is +1 percent over the range 3 
to 600 gal/min. (Revere Corp. of Amer- 
ica, Dept. 407) 


® VACUUM FURNACE produces a uniform 
horizontal hot zone 6 in. in diameter by 
12 in. long. Continuous operation to 
2200°F is permissible. Vacuum is pro- 
duced by a 4-in. pumping system with 
capacity of 720 ft/min at 10-4 mm-Hg. 
The four standard loading and cooling 
arrangements available include provision 
for a continuous work-exchanger loading 
and cooling zone. (General Vacuum 
Corp., Dept. 408) 


® MERCURY-VAPOR PUMP is a_ metal, 
water-cooled three-stage pump with a 
speed of 40 liter/sec of air in the 3 x 10-4 
to 2x 10°? mm-Hg range. Ultimate pres- 
sure of 10-8 mm-Hg can be attained 
with a cold trap at - 63°C. Peak speed 
of 52 liter/sec occurs at 10 w-Hg. (Con- 
solidated Eletrodynamics Corp., Dept. 
413) 

JosHUA STERN 
National Bureau of Standards 
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with a knowledge of animal joendooge.f and an 
interest in hormones ; duties consist working 
metal under direction of senior biochemist on basic re- 
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LaWall & Harrisson 


RESEARCH & CONTROL LABORATORIES 
Oty. $, 1821 Welnut $t., Philadelphia 3, Pa. 
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‘ Single insertion $26.00 per inch Consultation 
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26 times in 1 year 23.00. per inch 
52 times in 1 year 22.00 per inch 
For PROOFS on display ads, copy must 
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Information Requisition 


Use this easy self-mailer to obtain further information about 
items or literature from the Equipment section as well as from 


advertised products. 


EQUIPMENT 


Circle below desired number corresponding to: 


391 400 404 405 407 408 412 413 


ADVERTISERS IN THIS ISSUE 


In list below, check page number of advertiser from whom you would like 
more information. If more than one item appears in ad, letters (A, B, C) are 
used to indicate particular items available in order of appearance in advertise- 
ment. Where more than one ad appears on page, ‘‘U”’ indicates upper ad, ‘‘L”’ 
lower ad, “‘l’’ inside ad, ‘‘M’’ middle ad, and ‘‘O” outside ad. Advertisements 
in Personnel Placement and Market Place are not keyed. A multiplicity of items 
is indicated by *. Readers are requested to specify on this coupon the par- 
ticular item in which they are interested; otherwise, the request cannot be 
processed. 


0 862* 0 863* 0 864 0D 865 0 866 
O 868 0 908 0909, UI 0 909, uO 0 909, LI-A 
0909,LI-B 0 909,LI-C (© 909,LM 0 909, LO 0910, LO 
0 910, LI O911,1 0911,0 0912 0 913* 
0 914* O915 0 916 0917 0 918, UO 
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O919,L O 920 0 924 

922 











ill] BOOKS AND MAGAZINES [ff] 





Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
pe riodical files you are willing to sell at high mar- 
ket prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 











Scientific and Technical books to sell? Send 
stamped, self-addressed envelope for list of 
those we want to buy. (Scholarly list also avail- 
able.) Oster’s, Box 111, Times Sq. Sta., New 
York 36, N.Y. 
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ANIMAL CAGES and 
ACCESSORY EQUIPMENT 


BUY DIRECT FROM MANUFACTURER 


SHIPMENT OF STANDARD ITEMS 
FROM STOCK 


HOELTGE BROS., Inc. 


1919 Gest St. Cincinnati 4, Ohio 








Write for Illustrated Catalog 














Sprague-Dawley, Inc. 
Pioneers in the development of the 
standard laboratory rat. 
Sprague-Dawley, Inc. 


P.O. Box 2071, Madison 5, Wisconsin 
Phone: CEdar 3-5318 











WHITE MICE 


Hamsters, Guinea Pigs and Rats 
J.E.STOCKER Box 4 Ramsey, N.J. 
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President and Directo 


THE CHARLES RIVER BREEDING LABS. 








Dept. B, Wilmington, Mass. 
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e HYPOPHYSECTOMIZED RATS 


Shipped to all points via Air Express 
or further information write 
HORMONE ASSAY LABORATORIES, Inc. 
8159 South Spaulding Ave., Chicago 29, Ill. 
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APPLICATION FOR HOTEL RESERVATIONS 
125th AAAS MEETING 
Washington, D.C., December 26-31, 1958 


The list of hotels and their rates and the reservation coupon below are for your convenience in making your 
hotel room reservation in Washington. Please send your application, not to any hotel directly, but to the AAAS 
Housing Bureau in Washington and thereby avoid delay and confusion. The experienced Housing Bureau will 
make assignments promptly; a confirmation will be sent you in two weeks or less. 

As in any city, single-bedded rooms at minimum rates may become scarce; double rooms for single 
occupancy cost more; for a lower rate, share a twin-bedded room with a colleague. Most hotels will place 
comfortable rollaway beds in rooms or suites at $2.00 to $2.50 per night. Mail your application now to secure your 
first choice of desired accommodations. All requests for reservations must give a definite date and estimated hour 
of arrival, and also probable date of departure. 














AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
Rates for Rooms with Bath 
Hotels with an asterisk have sessions in their public rooms. For a list of headquarters of each participating society and 
section, see page 151, Science, July 18. 
Hotel Single Double Bed Twin Bed Suite 
*Dupont Plaza $10.00-11.00 $13.00-14.00 $13.00-14.00 ‘$21.00-27.00 
*Sheraton-Park 8.00-12.00 12.00-14.50 11.00-16.00 20.00-60.00 
*Shoreham all 9.00 ali 12.00 all 12.00 20.00-50.00 
*Statler all 10.00 all 14.00 all 14.00 24.00-30.00 
*Washington 7.00— 8.00 11.00-12.50 11.00-12.50 24.50—45.00 
*Willard 10.00-12.50 13.00-17.00 14.00—18.00 25.00-35.00 
Roosevelt 7.00— 9.00 10.00—12.00 18.00-24.00 
Sheraton-Carlton 12.00-17.00 17.00-21.00 
Windsor Park all 9.00 all 14.00 all 14.00 13.00-18.00 
nen aen ain deans ons anemia — THIS IS YOUR HOUSING RESERVATION COUPON -—----------"— 
AAAS Housing Bureau 
1616 K Street, N.W. Date of Application ee eee cree eecccececseseseeseeee eeeccescce 
Washington 6, D.C. 


Please reserve the following accommodations for the 125th Meeting of the AAAS in Washington, D.C., Dec. 26-31, 1958: 
TYPE OF ACCOMMODATION DESIRED 


BIMRIG ROOM vccccctccccceces PGSIPed Rate ..ccccccccces Maximum Rate ....... coccce 

Double-Bedded Room ........ Desired Rate .........006. Maximum Rate ...... eeeeeese Number in party ..cccccccccce 
Twin-Bedded Room ......2...- Desired Rate .....scceeees Maximum Rate ......cccsece 

MIU cieceincjacibahes'e Sc sic ee euns DCRPOGRARE. 6c cc cccue due. Maximum Rate .......ccsceee Sharing this room will be: 


(Attach ‘lst if this space is insufficient. The name and address of each person, including yourself, must be listed.) 


@eeeeeeeee SESHRSSSSSSESES SS SESHEESEHSESEHEEHE HEHEHE HEHE HEHEHE H ES EHE EEE eeeeeeeeeeeeeeeeeeeeeee eeeseeeeeeeeeeseeeeeseeeeeees 


@eeeevece SCHSHSHSSSESSEHSESSHSEHSEHSEHSSHESHESHESESE EH HHE SEES SSSSHSSHSS SHSSSSSHSSSSSSSHSSSHSESSHEHHEHEHESHESSHSHESSESHESEHSHESEOSEEHSESEESES 


First Choice Hotel eeeereccccecesesese Second Choice Hotel ........ Gececcccces RmING CEECe Hotel ecececesesesessees 


DATE OF ARRIVAL SOHSSSSHSSSOSHSSH ESSE HEH EH EHE HEHEHE HHH HEED DEPARTURE DATE See SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSEES 


(These must be indicated—add approximate hour, a.m. or p.m.) 


NAME CCHS SHSHS SH SE SHEESH EE ESSE EHH EEEES SOOO HH EHS SOHSSESOSHSSSSHSSSSSSSSHSSSSSESSESESEHESSSSSSOOS OOOO OSSSS 


(Individual requesting reservation) (Please print or type) 


ADDRESS eee eee eee ee eeeeeeeeeeeeee aeeeeeeeeeeeeeeeeee Seeeeeeeeeeeeeeeeeeeeeeeeeeeeseseeeeeeeee eeeeeceseeeseeee 


(Street) "(City and ‘Zeas) (State) 
Mail this now to the Housing Bureau. Rooms will be assigned and confirmed in order of receipt of reservation, 
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The DS8 basic scintillation detector 
weighs less than 5 ounces, and is just 
1” in diameter. 


Versatile New Scintillation Probe Detects 
Fast or Slow Neutrons, Gammas, and Betas 


Completely new, the Nuclear-Chicago Model DS8 
Scintillation Probe provides precision detection of 
fast or slow neutrons, gamma and beta radiation. 
Utilizing a unique new 10 stage, %4’”’ photomui- 
tiplier tube and a completely transistorized elec- 
tronic circuit, the probe is completely water tight 
and corrosion proof. A resolution time in the micro- 
second region permits its use in extremely high 
radiation fields. 

Two neutron probes are offered for flux measure- 
ments in reactors or subcritical assemblies. The 
neutron sensitive volume is confined to the very 
ends of the 42’’ probes so that “‘point’’ measure- 
ments may be made easily. Probe housings are 
quickly removed to permit substitution of slow 











Shown here wane used with Nuclear-Chicago Model 9000 Sub- 
critical Training Reactor to measure slow neutron flux at various 
points in the lattice, neutron probes are 42” long and are avail- 
able in two diameters, 3/4” and 11/32”, 


Fine Traliumenti- Ratearch Quality. Kacliochemivals 





i 4 


neutron or fast neutron sensitive phosphors. These 
long probes can also be supplied with sodium iodide 
crystals for gamma detection. 

Three needle probes with 2.5 mil wall thicknesses 
are available for beta and gamma detection. 
They are unequalled for measuring radiation in 
almost inaccessable areas where highest resolution 
is essential. 

For more than 12 years we have been designing 
and manufacturing high quality, dependable in- 
struments for detecting and measuring radio- 
activity. We will be glad to furnish you complete 
information on this new DS8 Scintillation Probe or 
on other Nuclear-Chicago instrumentation or our” 
Research Quality Radiochemicals. 








Shown here in use during thyroid surgery, Model DS8 is offered 
with three beta-gamma sensitive needle probes 2 mm, 3 mm and 
6 mm in diameter, 10 cm to 15 cm in length. All probes are easily 
interchanged by loosening a simple hand nut. 


nuclear - chicago 
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WEST ERIE STREET © CHICAGO 10, ILLINOIS 








